PRo&L&M 4- F 


KMpuJkJ : Air leaks info An im+ialUj evacuated ■in.nU. <xt a crrufAiJct rvutsjffoiA rcj? 

FfND' . Dfifevmme +Ue purrs une ,w tfce after 30 3 . 


<t &n/fc*j Data : 


Eu£g. wo a CL: CO iLOrlte?/ \Z 0 lu.rhe 
{pas one mief o.i*U. no exits- C2/) 7^e 
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PROBLEM ^/2- 

I.iquid propane cniers an initial ly-empty cylindrical 
storage lank at a mass flow rate of 10 kg/$, The tank is 
25**n long and has a 4-m diameter. F 1 he density of the liq- 
uid propane is 450 k«/nv\ Determine ihe time, in h* to lilt 
the lank. 
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P/?06feEM 4-3 


KkSOuJ k) : A ■ffl.wk A ‘vNtvv o y\ Lex. otav© ( o p.$ & leo.k. IV t a*ww\i> v\\.c>s» 

E^cofEs at CLCemshtH't mass -Hon) rate, 

FifjD : Determine file fimc attoJitcA. Ualf fke m 6.« k<*.$ csospiaof ak^ the. 

pressure. in fiie fo-wic. dtf- ii\at -f-jmje. 

£Ctf€MATlC *6W£M PAT/V 

e. 

4.^- 0.04 kgls 
V s 0. S’ m 3 
7; =qo *c 
F ‘%ba* 

E KJfefc. rvioDeL : £j) Tire, atm-brol volu-vne Is sfioi^n on -Hie accompany fug 
diagram. W rkz temperafum. in fke fa.uk remAws awfant. C.3J The. volume. 
is C^»A$ftUit. 
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PfcosueM 44 
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I usK> : arc pro*iALo*i -for tx. VegW*^ 1 ^ O'* I -f\Lte^ S C*v*0 , 
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PR-O gLtM “ 4 : 6 


. Hgure P4.6 shows a mixing tank initially containing 3000 lb 
of liijuiil water. Hie tank is fitted with two inlet pipes, one deliv- 
ering hot water at a mass flow rate of 0.S Ih/s and the other 
delivering cold water at a mass flow rate of 1.3 Itvs. Water exits 
through a single exit pipe at a mass flow rate of 2.6 Ib'S. Deter- 
mine the amount of water, in lb. in the tank after one hour. 
f 6/^cA/ PAT/V 
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PRD&L£?A 4,7 


fcAJflfaJAJ ; -4 iva.le?~ storage funk. cart-te-iW a- k-*iotun VoLlw ig a f ui&hir, The. volume 
flow rales' 1V1 and out of +f*e -fan t fl r & o^\vty\ . 

FtMb : DeteroiiVic, how many days -fke -fon/c. u»tll coy\H u'n u/afer. 

schematic £ Gii/gfj data : 


(A\r)- i 5ooo[e*p(-t/2&)J 
(i. t'n dojys} 



V = / 00,000 ^a / 


v 4 = o 


(W) e = ityooD ga(/d(Ltj 


EKifeg- m\&oEL : ti) the control volume, t-s cls skoujn on fiie above. shetcUAz) The 

LOdAeV ix modeled ao *' *4 OnVK jvo s j i t) I £ . 

' The yy)a zs. yr*fa r^Juu^s to 

£^- ^ * 

~ tT ~ ^ ^ 
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U$»V< IT fo 5oli/« W€ ge.t ; LL solution: 

0 = 200000 - 100000 * exp(-tf/20) - 10000 * tf 
//tf= 15.36 days «s 


(-*) 


To obtain V vs t using IT: 

der(V,t) = AVI - AV2 
AVI = 5000 * (exp(-t / 20)) 

AV2 = 10000 

// Use the Explore button to sweep t from 
// 0 to 15.36 days in steps of 0.05. 
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p ^OBLeH 4^ 


A carburetor in an internal combustion engine mixes air 
with fuel to achieve a combustible mixture in which the air- 
to- fuel ratio is 20 kg (air) per kg (fuel). For a fuel mass flow 
rate of 5 x 10' kg's, determine the mass flow rate of the 
mixture, in k gA. 

Schematic 7 avru 


Fuel 
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Analysis : 
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PRO&U=M ^ 


I : Air 41 oujs -\hroujjU a am- inlet ,one-ex'rt con-hz>l volume . 3 >«k arc 

I <«OH>n at -fke inlet and. exit. 

E/Ai-D '• Vetcrm ine(A) "Hie mats f/ou> m-te ,(J>j The c* if area. . 

^H-EM/vnc £ frn/£*J da ta : 

P t - o bar volume. 

T, -Look 

V7 = H0m/s ^ £=Afc«r 


A, - Jo cm 

* O.OD2 wx* 



v 7 ^ = qoo k 

VI - 3^0 tvi/* 


e»j6,a. modi L. .* (i) jht control volume is at -Sfeadg sjude.CZ) jUeair behaves 
as <xv\ 'ideal gas . C3) The 4low Is one- dimensional at the inlet (xnd-txit, 

AA/-4t-V5l£ ■ ’ Beginning u/tHi fke mass »T3t/e. bala/nce 

drvxf° - - . . 

YVx t - rvx x 2 vn 

Usm0 data. at +4e mlet and -H«l ideal g« equation of .sft+e 

to ™ *(rV)a,V 7 


C £ Vsar ) 


(lHM_VtOO K x 
Vze.^1 kgKf > 
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fA'C =. x* A^\n 
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PRoELem. 4. (o 


hwifiomiJ ' f bu,w,n s shown in Rg- P 4 .io 

I as Ifi.OOO ft of occupied space. Due to cracks around win- 
dows and outside doors, air leaks in on the windward side 
of the building and leaks out on the leeward side of the 
building. Outside air also enters the building when outer doors 
arc opened. On a particular day- tests were conducted The 
outdoor temperature was measuied to be IS'T The inside 
temperature was controlled at 70T. Keeping the doors 
(Joscd, the infiltration rale through the cracks was deter 
•mned to be 75 ftW 7 be infiltration tate ' ^ e d wi,h 
door opening averaged over the work day. was 50 ftVmin 
The pressure difference was negligible between the ins.d,. 

tor determine at steady state the volumetric flow rate of air 
exiting the budding, in ft /min. (b) When expressed in terms 

of buddineT , ' hC l,CCUpi,: ‘ , 5paCC ’ de,crmi "<= ><ic number 
01 building air changes per hour. 
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Ffcosc£Ai A- H-. 

| 4lOOuJfO A-nr en-krt *. .fWiA&et ©pemVug SbucJu sVk a-w.<4 ii ~fo £X tUicF 

t«ttSi.shhj -Hav«£ cUicls. a,ve \tkao ujv\ -j-^A "| aH e ©.f ~\\aJL 

dis<j*u ir<je dUA&H 

FtfOP I Defcvyvuvve l«) +Wt -PlouJ <Ta.4c eule^'iV^ He. fu.v watt } ( 2 _) He. 

\/oluw'€4rvc tUuo rate ha ew,U c>4- 6>-iV\. exit - cUacIs } ^c) -fhe velociH n\ 

He 12 -i*. exit <W. 3 


S CtfEMAfu: 4 &n/£N) lyVTA : 





®Q^Q 

Ir l 

D^ = t iV 

VX- s / o 4*is 


12 m* 


G> 

7J=7S-^tj 

i 

(4r),^ Boo IfVniM 

6>ofeR- rviope i_r (V.) TAe Con-bnil 6l'»ou>n on FUe QCtO/H/>Any c/tef eti is 
•sFeoHy <sfe©fe. (2) The a*' tel-nxves as an /',s/e«/ 5&5.f3J He. 

«,nct pressu^ /Vi €<lc^i ©tucf- are fhe sume. as He ■/e-**** ineFtXke a*^P 

pressure &f He aur detiv'^n^ -fo He <£iAcf s ipFem . 

■ Aaj/H-VSI s: fai L^si’n^ fj-44-b wi-Wi +Ve t4&J ^as e^>tA/Kot\ 
ft V") , , P, (A\T), 


m. 


^ RT, 

( I a4y*) ( 8oo V-f J /mtU) 

/ ftiit£ V 535 °€) 

^ eB.47 /t>°£' J 

= 0.434 /b/s^__ 

(b) £.*« Pi~D 2 a*" 1 v ^- 


(4.(9% lb//iV\* 

1H 4 1** 

| 1 YVhH 1 

i a+^4 | 

J fi* 

I (0O 5 I 


«j Dj.~ 02 a " A j , ^ \ 

^(Avrtj.^V - -j^f) 




fco s 
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(c) App^iwij +Ue lo&ldtuce +o 

<*25° .. - - . . , 

~ Vv> t - wi^- =?> 

u> KeF 

&U“) pM\T) {\H .<*(.)( Ml. S') 

i 54S 




w\ 3 


£40 


Vv^rx VVv ^ - ■ 


IT 


RT 


(^y SB o) 


1H4 

fe O 


= 0.1343 lb / 5 
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PR06LBM 4.U 


fCiNJQcOAJ : Pt^n^eraui: mocfbujs tkroxyh a. refrigeration ccmJenser. bat*, are 

known a.-h -Hue inlet And exit. The mas s Hou) at tUe m|«.+ jj yC^en. 

eiA/B • Determ me ( a ) Ike in U.F velotf+y/b; fti e a ft?r~ «• f -&e ex i f pipe . 

SUfgMA-TLC <t G\V CM DATA : 

En>4i?. engptL: CO The control s ^ bay " 

vo i u, me is aY" <sfeae(y £tafe . 7^ = So “c 

(2}The -flow i* one-c(iiv(€wj/onrt.J ^ -_ 2 .s c>r) 

<3-"f *flte m/eY" e-tiTf. 




= io k^/ivuK | 


(WMa 


- 9 b«r 

^=30 “C 


I 

| 2.S m/j 

±4* 


M4£HiliL ; (<U -Solving e^.4-4b -fsrV^' 

^ i "U~ ( m, u*, 


v: = 


A, 


r-f) 


H m , "U' 1 

7ta, z 


From TuWe A - ti, or = 0 . 02 , 47 ^ wi 3 /kg. 7 W 


v: 


(4 ) ( b /ns i'a) ( 0.0 'XHIX mV Ic^l 

i mm 

ID 4 CrvO- 

IX 

6o s 

i m"*- 


- 5.04 m/s. 


VI 


(bj To -fiV%a +be diameter of fk£ er'if pipe, be^m t-oi+k mass r«Ye balance 

= V*,- vv^* r\ 

TUjUS. j to t+U VY\ t a A iVT^. / Ty^ 


A* > 


VW lUk 


From Tafcl^ 4-11 , 7^^ q . TkuSj fUe. refr'v*eran£ U ft. Swb-eoe>/«>f 

Frt)m T fl We/}*[o ; 1 J 

^ * ' U f « 2 > 30 "c * O.WlTxco-’^/lg 

/nser-f-n4<j i/*tu<r.£ 

. _ ffe kg /mg*) (O.Simi xtQ ~ 3 vn 3 /F»^ t mua 

*" " C^.S mM 

F’i U a i , to t+U A = 7T 4 

( at \‘/x. 

-f^J * O.OOfoS'm =0,G,rcm^ 


60 S 


-Z,ZU>1 xroAn 2 - 
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PM&LBM ^./3 

K A/OUJ y : Bctfift. Aft JiVet'l -for S#eAi»1 {-loujthj 'Htrou.^l'i <X -/u/rbiit* wifU 0 
iiie-t anA fujo ejci'fs . 

R/Vb : De-term ( i/te -f^c dia meter- o-f €Ac,i\ exi+istuef. 

3 ch£ma-tic rf Giveiv 2 >at* : 

/? - tw> ixcr _ 

t; =-M$0 “c i 

EMfcR rvioDEL ;(i) The Control 

Volume is at- -Sfett/Uj sfj*_-fe . - O.iS m 7 

(2} The f(oio o.-f-+Ue i^(e+ aw*{ p ^ S fear" ^ 

&acU ei ei+ ii (puc- c(fme»i^ lorioti . ~ t 

~T~2- - 240 °C 

n-zsH* f 
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PROBLEM 
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PROBLEM 4.1? 

Liquid water al 70° F enters a pump though an inlet pipe 
having a diameter of 6 in. The pump operates at steady stale 
and supplies water to two exit pipes having diameters of 
3 in. and 4 in,, respectively. The velocity of the water exiting 
the 3-in. pipe is i.31 ft/s. Al the exil of I he 4-in. pipe the 
velocity is 0.74 ft/s/lhe temperature of the water in each exit 
pipe is 72 P F, Determine (a) ihe mass flow rate, in lb/s* in the 
inlet pipe and each of the exit pipes, and (b) Lhe volumetric 
flow rate al l he inlei, in ft 3 /min. 
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PROBLEM 4. 2 1 
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PROBLEM 4.22. 
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Problem 4.23 


Steam enters a horizontal pipe operating at steady state 
with a specific enthalpy of 3000 kJ/kg and a mass flow rale 
of 0.5 k ^ At the cxil, the specific enthalpy is 1700 kJ/kg. If 
there is no significant change in kinetic energy from inlet to 
exit, determine the rate of heat transfer between the pipe 
and its surroundings, in k\V, 
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Refrigerant 134a enters a horizontal pipe operating ai 
steady state at 40°C, 300 kPa and a velocity of 40 m/s. At 
the exit, the temperature is 50?C ami the pressure is 240 kPa. 
The pipe diameter is 0.04 m. Determine (a) the mass flow 
late of lire refrigerant, in kg/s, (b) the velocity at the exit., in 
m/s, and (c.) the rate of heat transfer between the pipe and 
its surroundings, in kW. 
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PR^f3L£*vn 4.25"~ 


As shown in lug. P4.25, air enters a pipe at 25' 1 C* HX) kPa 
with a volumetric flow rate of 23 nrAh. On the outer pipe 

surface is an electrical resistor covered with insulation. With 
a voltage of 12(1 V, ibe resistor draws a current of 4 amps. 
Assuming the ideal gas model with Cp — 1 ,005 kJ'kg * K for 
air and ignoring kinetic and potential energy effects, 
detennijic (a) the mass flow rate of the air, in kg/h,and (b) the 
temperature of the air at exit, in °C 
DAT *: 
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PROBLEM 4-21- 

Air at «X> kPa, 330 K outers a well-insulated, horizontal 
pipe having a diameter of 1.2 cm and exits at 120 kPa T ^00 K 
Applying the ideal gas model for air, determine at steady state 
(a) the inlet and exit velocities, each in m /*, and (h) the mw 
How rate, in kg/s. 
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P^DBLEtn 4-2T- 

Air iit 600 kl’a, 130 K enters a well-insulated, horizontal 
pipe having a diameter of 1,2 cm nnd c’drs at J2fl kPa 100 K 
Applying the ideal gas model for air. determine at steady state 
(a) the inlet and exit velocities, each in m/s, and (1>) the mass 
flow rate, in kgfc 
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P£xj BLOW 4-. ZX 


At steady state, air at 200 kPa, 52“C and a mass flow 
rate of 0.5 kg/s enters an insulated duct having differing inlet 
and exit cross-sectional areas. At the dua exit, the pressure 
of the air is 100 kPa_ the velocity h 2 55 m/s, and the cross- 
sectional area is 2 x l(r 3 m 3 Assuming the ideal gas model 
determine 

(a) the temperature ot the air at the exit in ”C 

(b) the velocity of the air at the inlet in m/s. 
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Problem 4-29 continued 

IT Code 

// Data 

T 1 = -8 // e C 

xl = 1 

p2 =2 //bar 
d = 4 //cm 
mdot=17 // kg/m in 
Qdot = 3.4 // kW 

// Determine mdot 

pi = Psat_T("R134A", T 1 ) 

vl = vsat_Px("R134A", pi. xl) 

hi = hsat_Px("R134A”, pi xl) 

mdot = ((pi * (d / 100) A 2 / 4) * VI / vl) * 60 

//Find exit state 

0 = Qdot + (mdot / 60) * {{hi - h2) + (VI *2 - V2 rt 2) / (2 * 1000)) 
V2 / v2 = VI / vl 
h2 - h_PT("R134A", p2, T2) 
v2 = v_PT("R134A", p2 r T2) 


IT Results 

> (T) T 2 = 4.976°C * 5’C^ 7k 

V 2 = 24.08 m/s \r 

Vi = 20.71 m/s * 
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PROBLEM 4.20 

Steam enters a welt-insulated, horizontal nozzle operat- 
ing at steady state with a velocity of 10 m/s. If the specific 
enthalpy decreases by 45 kJ/kg from inlet to exit, determine 
the velocity at the exit, in m/s. 
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FRQQL&tA 4.32- 


k’fOOujM ■ Stexn i ttonus fJirmjh *- insulated, Ho2Zle *J/tL\ L nomn conditions 
a.j- the ini and e>a+. 


Find : Veterm me the tv.\ f tempera tu re . 


akawMi tr wu.fajy , ^ 

300 iw/ilt 3 ' i i? = 

Tr-1*0Q°F — |* hozzte -f-* K = 
^■ |ooWi 


T, -k°0°F 


J? = 40 ftfliH 1 - 

ur = 1200 Ws 


IWlfeWuf 


40 [tf/m 1 


gMfet?- moPEL : CO 7>>e COYifrof volume ts at Meeuig | 

6tute.cZ) There, is no h&ut ^rans£er_, ay yd Wcv a O. 

(3J Fotenhdl energy effects are negligible. 

AfrJA-LVS l £ : Tifi€ pressure "*■* kwouJh -Hie. evt-f-, Tk* state, is -fixe*/ Jjy 
<^efermim\vj itsiViej +ke S-WiAy -state energy tfiaUunce 

O^jkCt-^Y + ^ £ fk-M + (~ 1 - % CjA*.)] 

iO he re. m ( - * m . .Solving ■/or* 

IT ivr -1, 

^ h,*C^) 

From laiale. A-HE^ h. - l^(H* 5 T&H*Vlt 3 . Tkus 


^-(tm? bwiu) + ( 

= U^o.o 3 efu/ iU 


ioc? - - l£od\ 


1 ciu. 


\ j&T f 1 1 C ^ IJL 

I s *■ 32.2 it- ff/s* Tie-H-'ltf 


I n+erpola. 4 *iVvg in jalole aE 4 o Ikf/iw?^ 13 SO.03 Bhx/Uo ^iies 



Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PROQLEM 4-33 

UtlOidAi.- Air {lotus through a nozzle wi+b krioum conditions at the inlet And 
€xit. Heat -transfer occu-rS feom -ftie cur jo the Surrou-ndidys. 
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PKOgLEKl 4.34 
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PROOLE/A 4-35" 


KtU&UlLj : Helium -flouts fb rough a uje.l(-\'niu(aleA notzle toiUi Ichouso 
C ondCH ow a.f fhe iU(ei~ &mA exit. The mass flout rate, is aiV«*i. 

Fii^/D 1 . Deferwirte. "Hie ex'if area. , 


SgtfgMATlC 1 GrU/EAJ DATA : 


t; -£oo°^ 
\r=ns ms 





T. = 

f% - 5o 
Kh ~ I /t/i 


g_»J6g. ifropgL : (i ) The c cn+rvl i^olttme /s af steady £jr4e ( 2 .) Heat -fynns-fer- 
i>s negligible and Wcv -O . (3) The helium behaves as an ideal gas.W) Fbknhal 
energy effects are negligible, 

MJALYSlZ ’ From fhe mass rule. 'oalaM.ce } m, - UJi+U vv\ =^\f*)/V 

rh 

•Xn+r od^MAng "Hie ide.a\ e^t*.aK<r»\ o£ state. 

A - ^ El *- 

Tk exit* velocity is -fouirvc? icsii** -/-he -state, e-nei'gij ktawce. 

O C(k-k)Y-C^ S > + g(£^2 > -. i] 

from Table A- 21 j -fke specific hea.f c^» &f kelu+m is 

e r -<**)« ■ f*) - «■*•* “va -“ft 

* 5 ii^<re <p ^ ccrhsf&uAr ah - f^AT om .4 

\T -J~2 ^fCr, ~r* ) + 1/7 * 


■/ 


= MSHWls 


32-2 It-Ufs 3 - 

176 fMkf 

1 Ibf 

1 6tu 


(ns 2 ) ff 


E/tuzHy 



(l IWs) 1 

(WS -W-ttfl 

\ H-ooi a».*R J 

| (M6o°e) 

i-ft 21 

(21SH His) (so IW/iV*) 

iHH iii fc 


- g. 3 SX/o~ 3 -ft^ 


4x 
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mo&LtfiA 


j cjJOUJfj : Me-HiaMe -f-Low S -H*ri)K^b a nozzle ty/4ti krtowin jfri)e-f coH^ft+iom a.vuA 
ci specified raw^e of exif i/eloct-f-i'cs 

ftW - P/oA «*<-/■ ftfwpe rdf MK-e Versus c^ij- i/eicct-Uj . 

Scy£tfAT<c t (ziveu Data -. 


We+hftnc Cj«is (cHiO 
7>fi0°c 
V7 = »o /*/ s 


'^ / f///////////djjJ-^~\ 


W' ///////7 wfrfc^ 

( i > /// //? 


SoO ± V2 Sfcoo tvi/s 




£m&«. mqp6l. :(t) TVie con+rol voluwie is af s4e<xd.tj sfate. ( 2 ) f«r4ke coiafro/ 
VoUoMe, Qcy- W Cy/ - O. C 3 ) pdf-CKifi^./ effects caw be ijnoretf .C^J The 

yne-fl^kie behaves «ai 'idea.1 $&s. 

AA/AtVii/S ‘ 5mce la - h£-T) -for 4-he id ca./ ^ as, 4-Ue e.xi4 -f^,iaiper«'fur€ is 

dcfev loimeet toij €Vo-lu*4ihj h^ usinj sfeod-j sfofo vHasj «mc/ enevj^ balances: 

O »X.°X° - [*, -WO *i«^s ) ♦ s j*£>] 

where m. Ttux5 a>i4U h = hCT) 




- Ji/ 7 *, ) - latT*.) +- 


J k] 

i LT 

1 fc^-rt./s 2 - 

I0 3 M-wi 


c*> 


-for h ik hT/h<j awd V - i'ia M/s. 

IT, 4-Ue -fuKcfums ladT) for ywefUawe fcM*) as qm. 1 dead <jas uve 
accessed r-e*.(Li\% , avul fofo for T*_ <s ob4<u'w<?il usiVj -fW -foUocaiVvr ^<fo. 
The resu.1 4s are skoixm cm 4Ue *cc.oi'Kp«.Aw| -pU-f. ^ 


IT Code 30 

T1 = 80 II °C 
VI = 10 // m/s 
V2 = 550 // m/s 

20 

0 = (Ml - M2) + ({VI *2 - V2 A 2) / 2) * (1 / 10 A 3) II kJ/kg ? 
hi = h T("CH4", T1) - 

h2 = h T(‘'CH4", T2) 

10 

// Using the Explore button, sweep V2 from 
II 500 to 600 in steps of 0.1. 

(7) Result for V2 = 550: T2 = 13.63‘C 0 

500 520 540 560 560 600 

V? (m/s) 

"X 2, 

Frorn OH) , InCT-t,! * UlT, ) + ( V LlS ) . TUus , as \fo iiAcreases , V»cT»') decreases. . 
T\MX€<ro*e ) T x Me reuses as expecW-. 

|. A 3ampU C*|ca|ofiov\ uSmg 4tie c» fancfioK-frorK Table A-21 4o ev« lu«4e -fhe 
enAWlp^ cU/u^e fo C4T) Ujnfms +h it result. W/4b IT J 4kis infe^ nt-fi <ta. is 
inoF ^ece^sartj. 
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PR.015L6H 4-37 


iSMOu^: 


7 *r c J^„,<W 

' T^-krrt^^ +KA. v'tli?^ 4t lU'f-fu.stt- eK/t. 

^ t id * G'v£KJ T>^t4: 

“ — — ' — — __ IV\oD£L 



Di /filler —i C ompitssor 


Combustors 


1 ■ A S Jr^oti.ri rk^'te h j. 

^ t AM !vfi> if C ** t / CJj^y' 

-bk^L 

2 ■ Ti M Com W vu me i' s dt 

J? „ ftr +M C(n^ ViJl 

Oev - Wcv " ^ a^ref 

j CAa ^ <' g ^-orW- 

T 1 *^ A+r- i* fVt^dWe ^ <£a 

t> Kl .^*qLjS,*_f ^ t2J\ 


AKJA Lysur, F£,r- + t "^» e.B« A-o i vo i u^-t, } Vvt J " IVI ^ s: n^ , f\^ r«k b. Unt* 

rfc ^ E 

0-^fiS<^_y^ 4- rf u [0!i-ti i .') -v UAjPU p2rZii) 
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problem 4-3? 

KMcjwwI Oa4i\ i's -iuv“ <k <b exj- f u^U^cts. 


our *'x -f< a^.’a^ 

p/^O* 0* 4-u-rf/v^+%’ o <=^ <-**.** t ^ ^ 'f*v, -ftp -^ua £-< 0 ^ a. 

i ^><ri 

SCHtrvr*Tit £ i/'tTyt: 


fCo, 


Ai ^ 

p t - t b*ir 

T, - 3.00 K 
^7 - 2so *Y * 
*v 





P 4 ;. ( ■ i 3 *— ■ 

**i»? 

- (HO ~>/S 

Ax 


gM<£ g » moPf L *, Tk* <H^kio i v~© (y(^J2 l-^ -rU*. Jc<M>i^^iX ^ X+^oA^, 

£4*Ci.‘ Z* Ki- f4^t c^h ^ CQcv - - G y <a*W < *s.**~5^ 

e (m tjwcnrtd* j, /4i ^ l 4 ^ TcLs^wf 5 , 

A M ft ^-TTtf : T^* »^4.£C /MJt*. b^l n-Vs <_* r e^<to VV\^ -a- | j *v- 


A, VI 


A t vr 

•U7 


r- =?> - .ML =S >U /£\/7±ysX\ C(J 

J C PTil ft} a-r.//?;^ ^ - UlHt.A Vi J J 

T^ c^i'i ’f^ptro.i«.re_^ T^ ( C^w tj-c ok) e *i U S \P\J fc?A^A>lCC" 

O - ^®cv - j^tv -«-'^'[^ t - l 'i -t -t- jj Ej^TL v j J 


I x U i ^ ^ 

^ 1 X. X. 

Uvv-^ c(fc/k*. f *- ©^v To-hlt A-Z"Z- 


\kH l Nf 

l IcX 

/ s"*-| l U 1 ! '** / s'" 1 

1000 fjwv 


r^lUlpH kX / kg 


TU 


e^\ 


\-xVtr(iokaki.^jg { r\ 77d>(t A -Vi. -tor k-^-^VUCH kT / Ug 


T-l. - \Zl,Z K, 
GtWr^’"^ Ax. £g. (<) 


Ax _ / lb**- \/ 3x>.^ K \/ aso ~ /s \ 
Ax "* V, I.CS b^r/y 30 0 K A 140 ^'sJ 

-i.uAa 


At, /A. 
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PftD &L&H 


OUlfO : £?4SSa5-fl-ir"cu<j>i an iwsu/afc^ ^f'ff tt^er. Date. 

l<naop n oct -Hte »'n/et a^ <x/f. 

EMU: Determine +M e*i+ fernpera.- f-ur*. 

SCHEMATIC- <£ £W£.aJ Da-m : . , 


RM3H U WjjVUj J^ 

* <Wuwy- 

Soi,yapo^ 0)f , 

\r; = i2oof^s \f77T77777T^ 


P^loo ILfhV* 

tei 



Tr 


Fkj ^ *- ihod&l: (j ) The con-fro/ voiame is arh steady . (2) 7^e he».f- 4mnj“/er 

^ neqiigilot*. <Knd Wcr =o. PJ Pctev>-H<ci energy etfetfr <vn£t Jiri ►ieJ-tC af" 

«fc<f c-o^vt k>€ neglected. 

4WiVS/.S.- Tj»« ew+ pressure. /* <pW*. T/ie <5 rte/e if AW by tefeuMiniVw ti t 
VtsfiA^ a* £.T£o.$jy~ sfa-te bakoite. J J 

0 *$£ -,)*£ + + ji^eo] 

tolieirte. KVi , = m* s. h\ . S*l\/iU<j A*- 

k - k + £ 

From Tclo/e A-fie.j 0 ± p^-too^ A, = ^ - l(j?.4fe 0f*/lfc. rteus 
h = U2.4k fij-u/lk + ^ { /20o" Z -f4- z / s *i)| 


2 •■"■•■ ' ’ 2. 

=• tmao aHL/lt 


i itef 

J 6^ . 

3 2.2 li-ftfs 1 - 

776 fMtf 


Tiaferpolo^tw^ aaa. Table A-tUP cct p^= ^>00 I IfJiVi* li t = 141,3.0 Sfu/Itg^Vas 

T ~ 2.22 •/= 7a_ 
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PR06LGM A AO 


K^OC^fJ ■ CarboY\ (hoxicle Houjs -tfi r&u^k a. tvell- ivtsalajed dfttuser uit-Hi knoui^ 
C&v(d-Cti'en% &-t Hul thief awA -txif . 

£M H‘ De-tem l be "tUe € < if ftK^jaerafi/tyt a^vust, pfeisure -fke. mwj ■fiou) y*t-le . 
SLhfEMA-ric £ ^ivsjj Da-ta : 

c °s U i/l/_/jj J^> A^/A, -30 

- 2-0 I bf /i n , ‘ ! I'ff ! \r -70 f+/i 

**■ diffuser — f — * v i zu 

77 ' 500 °/? (|) 1(2.) 

v; * boo Ms ' A/ * y '7 Jy**t 

A I - f*f IVi*" //f / 

eu&g. rviooet .: (n 7 "b<? central volume, is ai steady shi-fe. (Z)Jfeaf trans-fens 
d.vu( = 0 . (3) poientiAl energy <?#e c/s are ne^/ifl/^/e.Cvj 7fte fa^kru. 
^iox/rfe b«Aai/e£ <s:s an ideal ^ai. u 

Aft/AiySlS . S/fjce h-b£T) -fbr an ufea_((ja& H le ewi f feny^r^-fu-ie eav- be fk«W 
by evaliLuhVg h z . BejjiivhiUg wi+K ffe s+e*tA*f - sFsfe ewevjy b^toMce 

o ^Aa -yCv ^[fi, r i. t ) +(}-—* ) +s^A-t.\} 

w(i«ye rvi t *. 9 >v) . .Solving hr li 2 , aivX irtoffPiy ■ftiAp h - ^/-M 

= h K t * U t + 

CO^e^-e i-i is 4 W molecw-tar toetyM"- From Table A-^e^ F ( - 3 70 k. 2 BWIbnei 
£VYvd 


- VZ68 £k/ lkw>ol 

In+erpokFiA^ vK Tatle A-23E; 7^* Sbd-k^/Z^ 
To get -p t , be^vK wifk m, - rvt x , -fLuus 
A) M~i _ AiVa 

■pV: ET 
Pi 


/ Boo*- 2o\ & 

! l IH 

^£>1 H> 

1 BU 

\ ^ ) s* 

52-2 IL-fWs* 


778 fr-Jif 




UJj-Ha 


£; (w - &px) 


dr- 


Tz Pi 




~ 3C t Qjb I fc-f f \ + 

Fthelly, 4ke wags -$au j yafe i-£ 

„ (WJr, (t.H ,K*)(gDQ «k >(20 Iff/k") 

^ £#)<*»•*> 

= 1.-276 tb/s ^- 


3* 


vn 
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PROBLEM 4.4/ 


. . Steam enters a well-insulated turbine operating at steady 
state at 4 MI’a with a specific enthalpy of 3015.4 kJ/kg and 
a velocity of ID m/s. The steam expands to the turbine exit 
where the pressure is 0.07 MPa, specific enthalpy is 2431.7 
kJ/kg, and the velocity is 00 m/s. The mass flow rate is 11 95 
g/s. Neglecting potential energy effects, determine the 
powur developed by l he turbine, in kW. 

SCHzrnA Tic f G : 



MoDBh: 

t , Tkc C trw f V© l ^ ^ b-O 1 

Tfcckh cK-b 

2, Pd r tflvv^rtl VP 1 ^ j Qcv - ° 

a^d Apctzo 



z; 4,^ 27 * W 


<S4 
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PfcCJSUrM 4-. 42, 


Hot combustion gases, modeled as air behaving as an 
ideal gas, enter a turbine at 145 l!>f/in. J ,27(X)"R with a mass 
flow rale of 0.22 Ih/s and exit al 29 Ibf/in.* and 1620"R. If heal 
transfer from the turbine lo its surroundings occurs ill a rale 
of 14 Bm/s. determine the power output of the turbine, in hp. 


5CHX rvw^Ttc T» 7~^i ; 



£) ^ < 3 icv - VVcv -*• t ' 1 ' <U 

Wev - -+ ^ ) 


Eto&fg MoqC<~ 

S ' h ^ e 

(C. „c Kt ^-1 pok-*^* * "«■'**>' tfK+T 

c * d - 


3 , 

<*0 0 *a A 





Cui +^V 








frsw. "7ft- ^ 


W Cv - -I4?b + o.zzJ±[%>3^ - 4o/. /o]!£r 

31 7 *7* 2-^? W-p 
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PfioetEM 443 


KfjQliUi' Air- expands -f£irt?Lojh ex. fwbine un-H\ known Conditions «.t- 4Ue 
I«(ef <xv\d exit. The poioer diem toped is k/ioion. 

Etfe/U; Determine. -the. vnass ro{e And tee 

Schematic £ chi/£*J eatA : 

air 

B® i© b ar 
77 = 4 CO K 

vr^ <v i 



W,„ - 3200 UW 
P„ s / (xir 


7^=5ooK 

' (*> 5 |0 o m/s 

_EM6,<. mopet ■• (l j The 0?nfr<3/ /oluma is ftf sfecj.% s{ate.(Z) Iteed hvmster is 
’neQtiqible.O) potential ey\exay effects a n-d Uin&tic. energy at the inlet can 
Q) be. negJec^t.O) The Air behaves as ak idta.1 g*s. 

AA/ALVJI'S ‘ Begin ujiiU ft. steady ~ state energy balance 
where vvi ( = tyi^ s vd . .Solving -/m- rh 


W 


cv 


w\ 


Ck-wO-S. 5 


From Table A-2Z; ii, = ^ 32<t3 tT/l^ W h t = 503.02. Ut/J^ . Tkus 

C 3200 kW > 1 «V, | kW 


Vv\ a 


flOO^WY^l 1M 

1 *eT 

V 2- / | w-j-fWa 1 



- 7-53 kg/i^ 

The exit a.v~ea. is 

'V-x m f? Ta. dl 


vn 


K- 


vz 




f 8.314 k-T ) 

v ^s.*n 

jCSooK'lC 7-S3 Wg/s) 

l r 

lo 3 M-m 

( t bar) ( 100 ™(s ^ 

|0 S N / 

1 VJ 


O. I 08 rv*" 2 ^ 


h Upplicabildy o-f idea! Cj*s Model can be checked lo<j 
reference, t o+W compc-essWilify ch^rf: 
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PRO0L6K 4-44 


fc^OOJM : Air ex panels +kroiAgW a. Vixvbme. wi-tU knoiow Covvdi+iovvs aA AUe. 

inW-V <\vadtexiV. TUe inlet ^ass £-loi>o vote <Kwd 4-U« ipou jer 
develop <lA a,\re. 

ELNili.’* "Dfi.^e'T'mCv^e 4Ve e-xit t& y'a pe r<x+ ll re, . 

SCUeMAr-nr £ 6rW£kJ DATAr' . 

Air Wcv = 2SSO kp 

p=i<tfO Ibf/,*^ (7}T 


T k = tsfeo c e 

<A\ - 10. S’ lb/5 



= IK. 2 Itf/fn 3 - 


ftiooee: (i) Tbe coaVt <?1 voUcme, is a.+ s^VeacJUj jUfe, Gu Hea-f- tmnsfer 
^ is negligible. (3 ) kinetic. av\<4 jotevvHal energy effects are negligible. 

^ (4) Tue aw~ beUaves as aw ideed ^ 

ANALH^ls . '. SiVvce- W = UOt') tor aw icteet ga^ bbe exit- tevn^eva-lvuis can be 
-ftficnd Vxj evaluating V\ x . SegiiAnmq uji+U -tke steady -state, e. weir balance 

o W, y + *v» t^r^O + t 

tobere. w\ ( * va ^ aud. uh-Ha assuLtvwfKo*. (.3^) wegetr 

O = -VN tv +y^(W r lO 

k + K ci) 


o<r 


Ui* — g ci at-a -C i“o — > T at) l -t A ~ ZZfc ^or j cx ■ — cK i <a.i €>r f 

i/a. l a-e'j i-aUc (- 0 




(2SSO Up) 

l W 

1 2SKS SWb 

(10. S 

seoo s 

1 i K p 


A 1«S.0« ^ 


- an.vt T^4-u / (b 


X vyttr(x> ia.V\w^ iy\ Table A ■ 2t 6~ 

T-t - 8S8.1 “R. «■— — I 

(- T\e l» cabi V v Vy of- t-Ve i ol ta V g as del ca^ ^ c 
cWecbcA reUrtA^t t-o Wt C« ~v f r t is’i WlU 

C Wart- , 
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P/R066CM 4.4-5 


KMoWkT . A 5 few. in turbine. cpe.ra.tes cA~ steady ifttfe u/jfh fcnot*m inlet aru( 
exit - c^w<£tf'tbm . The pouier developed «*v/ -fhe bead- transfer 
fate between -Hie tturbl «e uW ffs furrow n<fmjs are specified- 

EMU '- Vehermint H*. veWefric -flouo rate- ®f S+eAm 4-Wc 

^gM4T1C^CzM/£A; PATft 

5+ea.m 

f> =5oo \Win [ 

T ( = 80O*F 





<3« i 'i.5xio t gwir 1i x x =o.^3 



fiMfiff. ftioP£L.'Q ] TVte COn+ro/ Volume. Is <4 S+etie.C^J Kike+ic awel (peWu-IW 

eviergy c-kangas -freon iyiki"fo excf can ie ne^/ec-te<d(. 

MJMM&tS - To calculate -Hie Volume £( «*/ ir^L-fej !»e^r« UiltU rn*ss avv^ evt&rjy rod*. 
bafattc.es -ftrr -fi.e 3«ft'iVle+ ( eme.-ext+ ccvUrol volume ad s+e-ousCcj s-hstfe 

0= in, - rvi^ => Vn , - vvi ^ -i m 

Os Qcv “ Wcv + ^ 

5 «Ivik^ -£©r -f-kt ip^-o_ss -C-fov^ raAe. 

3iv 'Wcv 


K\ - 


C*VM 


From T«Ws A - V£, p> = Soo /U/.k 2 , 7> gao°F ■ b, - IH 12. / £*uU . from 

Table A-3E. j( i± p^so.g Ikf/iu 1 - 


K s ^fx + **A f ^ 

- (^.Hl)4-(0.^) ((040.-2.) ^IC^q.fcO RWlb 


Tkus 


Vvt =. 


C-J?.sx/o t 8ki./li) - ({S,000 tyj) 


IS <15 6k*/k 


t U< 


(W,*o-mu.|) 6Wft 


- to.o.^f{o K ib/u 

TV e«^\ | £ r' o*— ^ TcxUe. A-45 a> p ( a-U T, • u-, ~ I.M M t ( (b. 

TKt VO I L? M c hn ^ f^u' e. tV<i \ *\ V«,t- is 4-kt^ 

(Av),=^ ^ = (IO.(,M ¥ io' < ^)(|.‘WI tf) 

- l$T> *(0 J t+Vv <= 


(Av/), 
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prd&lem 4- 46 


KKJflMJ : A well- insulated sie&m fu.i'bme cperates ctt stea <Lj~ s /a ujttU /c.fu>u»>i 
fiukt Qaa.4 con^tf/bru. Tbe pettier' on-tyut and (war* Ho u rftfe are 

Specified. 

§ 

F/MD . Determine five m/ef pressure. 

./ 

/ 


SCHEMATIC £ frll/fiU PHTA : f 

sw // / H„»a 3 M*/ 

77 = 5 . 0 -t M^T [ 7 , 

tu.rbm« rQ P^O.Otb, r- 

V ■Saj'.xraptfr 

v/TTTTT^a/t ^ 3 , »r(« 

1 * ! It i t vv» = MO Jy k 

Eh 6«. mo pet : 0) The control velutwe. Is state. (Z) Fear TKnnrfer eai*, 

be ^ The potential energy cLanjge from jufet'-fo eWf-CAK be 

'll 

AAMCtelb: IheitmperAktfe « know* <xt +Ue. Inlet. To -fOriUe inlet state > h, 
is determ \n\ed vsiv 13 mass and energy balances, fbrfka. control \jo Uc y*x.. 



amet 




S&!vtv\<y ■for 6, 


© - W C( , + vvi [(U r krfc> +()t^ ) 


Z ir -"2. 


K - ^ ^ *<>^ 


From Table A- 3 tar Sa-fwote*^ Voper a± e> =o.o& fea-r* h =^5‘67.V t^/L 

TVus x * 

io 3 kW 


(»MW) 


'’I = <M 0 WO 


I MW 


/ kT \ ( flO - 35 } wl 5, 

4 tn 'd) 4rr—h* 


I Ni 


k-j-mfs 1 


— IH_ 
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LEM 4-.ST— 


Air enters a compressor operating at steady state at 
1 atm with a specific enthalpy of 290 kj/kg and 'exits at a 
higher piessure with a specific enthalpy of 1021 U/fc e xj, c 
mass flow rate is 0.1 kg/s. If the compressor power input is 
7/ kW, determine the rate of heat transfer between the com 
pressor and .Is surroundings, in kW. Neglect kinetic and 
potential energy effects. 
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8L6M 4. S3 


_ Air enien; a compressor operating ai steady stale at t .05 
bar, 300 K, with a volumetric flow rate of 12 mVmin and 
exits at 12 bar, 400 K, Heat transfer occurs at a rate of 2 kW 
from the compressor i<> its surroundings. Assuming the ideal 
gas model for air and neglecting kinetic and potential energy 
effects, determine the power input, in k\V„ 
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pfcoecGi^ 4-. r4- 

Nitrogcn is compressed in an axial-flow compressor 
operating at steady state from a pressure of 15 Ibf/in. * 2 and a 
temperature of 50”F to a pressure 60 fbffln.'. The gas enters 
the compressor through a 6 -ul- diameter due! with a veloc- 
ity of 50 ft/s and exits m 198*F with a velocity of 80 ft/s. 
Using the idea! gas model, and neglecting stray heat trans- 
fer and potential energy effects* determine the compressor 
power input, in hp. 
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P£OBL0NA +.S5" 

Refrigerant 134a enters a compressor operating a I steady 
state as saturated vapor at 0,12 MPa and exits at 1.2 MPa and 
7(PC iu a mass How rale of 0.108 kg/s, As the refrigerant 
passes through the compressor, heat transfer to the sur- 
roundings occurs at a rate of 0.32 kJ/s, Determine at steady 
state the power input to I ho compressor, in kW, 
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PRoBLeM * S-fe 


Carbon dioxide gas is compressed at steady state from a 
pressure of 20 lb IV in. and a temperature of 32 T to a pressure 
of SQJWVin, 7 and a temperature of 120T, The gas enters the 
compressor with a velocity of 30 ft/s and exits with a velocity 
of 80 ft/s. The mass flow rate is 0.98 Ib/s/ITie magnitude of the 
heat transfer rate from the compressor to its surroundings is 
5% of the compressor power input. Using the ideal gas model 
wilh c p - 0.21 Btu/lh - n R and neglecting potential energy 
effects, determine the compressor power input, in horsepower. 
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fROfbLEM 4. S? 


KfJOUJkl : A (Ajet l- ik sulaf-etA Air- compressor operates wifk known intetavuladf 
sfetes . The im let volumetric -fiou) route, is also Lnou>n. 
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F* R.O 15 L E M 4-.&I 

Air enters a compressor operating at steady state with a 
pressure of 14.7 Jbf/in, 2 and a temperature of 70 a F.The volu- 
metric flow rate at the inlet is 16.6 f(7s, and the flow area is 
0.26 ft At the exit, the pressure is 35 Jbtfm. 2 , the temperature 
is 280T, and the velocity is 50 ft/s, Heat transfer from the com- 
pressor to its surroundings occurs at a rate of 1,0 Btu per Ih 
Of air Ho wing, Potential energy effects are negligible, and the 
ideal gas model can be assumed for the air Determine (a) the 
velocity of the air at the inlet, in ft/s, (b) the mass flow rate, in 
lb/s, and (c) the compressor power, in Btu/s and hp. 
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PKtJjjLeno 4. &4 


Air enters a compressor operating at steady state at 
14,7 Ibf/in. 7 <md 60°F and is compressed to a pressure of 
150 Ibf/tm 2 . As the air passes through the compressor, it is 
cooled at a rate of 10 Btu per lb of air flowing by water cir- 
culated tli rough the compressor casing. The volumetric flow 
rate of (he air at the inlet is 5000 ft'Vmin, and the power 
input to the compressor is 700 hp. The air behaves as an 
ideal gas* there ts no stray heat transfer, and kinetic and 
potential effects are negligible. Determine (a) the mass flow 
rate of the air* Ib/s, and (b) the temperature of the air at the 
compressor exit, in ’F, 
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PR.d!3H~k\ 8 


As Shown ... Fig, P4.68. a power washer used 10 clean 
" J l m * uf a ' ,ousc has tt; »" s'lilcring through a hose at 
2tr C. I mm and a veloeily of 0.2 m/s. A jet of water exits 
with a velocity of 20 mis at an average elevation of 5 m with 
no significant change in temperature or pressure. At steady 
Mate, the magnitude of the heat transfer rate from the 
power washer to the surroundings is 10% of the electrical 
power Evaluating electricity at S cents per k\V ■ h 

determine the cost of the power required, in cents per litcV 
of water dcfivorcd. Compare with the cost ol water, assum- 
■"£ 0 05 P^r liter and comment. 
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Pi2O06£/M A. (a^ 


Kk)Qtx)fO '. Art oil opewfiiig <tf steady skde. deiwevs, oil «o/+h &. k * own 

metis -Cicuo fade aM.d pretiure- rUe. -frotvy inlef h> 

£i ajd : i-f- p«.^s are ava.ll atl-e. in ^ - Worse poioev" mcre^vietdb, ctefev-miue 
fUe horse power- rt»-+f ^ +W (p'*> <v ip -W>r -J'U.U <xpplicA.4tok\. . 


m = 1 1. 'b/.s 

i .V .p/.O-W- 
ft'F) = -fo IW/i'm* 
T *5 
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-PROBLEM 4. ?0 

Slcam enters a heat exchanger operating at steady stale at 
0 07 MPa vvilli a specific enthalpy of 2431.6 kJ/kg and exits at 
the same pressure as saturated liquid Ihe steam mass How 
rate is 1 5 kg/ min. A separate stream of air with a mass flow 
rate of 100 kg/miu enters al 30 n C and exits at 60°C The ideal 
gas mode! with c p - 1.005 kJ/kg - K can he assumed for air. 
Kinetic and potential energy effects are negligible. Deter- 
mine (a) the quality of the entering steam and (b) the uiie 
of heat transfer between the heal exchanger and its sur- 
roundings, in k W. 
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froslepi 


KMQfAijQ Separ<tfe v&pof' and liquid xfrexrvu o-f l?efri^ensL^ ijya. pASS m 

counter f-lduj 'frou.j k o- tue.ll- iU$uia,led keaj- eiccUa naer. ^ re 

knouM a+ tke t’nlefs 4 ^ eicffs. 

EML-. Determine ike etif H'^srcitu.re o? ike liquid sWea^. 
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gM&fi. fncpE L; CO The ton+ro/ voittme i-s <scf~ SfecuCy £ft*te. (2J H€zr r^insTcr 
between-ihe head zxcktxnger and the.su.ffdundjha'i tAn d>e viesjie cred Anck VJ C ^ o, 
(3) Kiweftc emd poten H aI energy cUan^es from i n fe-f fo cut are. nejIigiWe. 

ft/VAiysiS : To fix ofttfe. begin wJi+k SfefldUjsWe- -muss a.nd energy bo-boces 
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>1 , =. Vn-t. 
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frorti Tattl-c. A- l<3E ■ k t - i£>r,75 0H^nl <vwl :2l.iD3 tLfkVK Ut/t+erp©kfn*j> 
in TA^/e A -/2E ; I05nh> 6fu/ffc. 

Sktfes -3 oW 4- are U>/k <w bcooled liquid stafes. Ike w a ^rsixi 

Af-c reASOrtfl-We 

K ~ k *r H 

ojj 4U U » 4t.o f S+W/ij -from Tai>k/l-tO£ 

U v = (ioi.75- i0 5.7fe )-f- *4.0/ - Hz S/u/lb 

JTwie^'joojAfiiig in T&ble. A-cofi. 
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pao&iem 4 r?3 


kfiJO.WAjh Reiser a a\dCOdhrt{j wafer pass t'n se.pa.rAPc s/reawrs rUrcmjh a. 

condenser (Ucut cxcUanyer). The voJumeM’c t(ojo rate of roofi 

cCftfer <x.'Ati other dethx we «i ive /i a.t 4i\ t m/efs ft/ie/ firTfs. 
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Problem 4-73 continued 


(fa - ) For <* control Volume enclosing on/y -f^e tZ-l~}<4 ck. 
uAej^ denotes 'Hie. l/tea-t transfer rate -for -tke. fM3Ha. ei*Uj, lUus 
=(30^.3 it AO ( n.att- aq.s 3 ) 

- - z.mojuo-^dbL/li* i* 

/. he^afivt v^lue -for <3^ denotes energy transfer- £ieaf~ ttor^i 
-the a. jo +W cooliwg wafer, 4.S ejc^ecfc^. 
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PROBLEM 47 4- 


Steam at a pressure of 0,08 bar and a quality of 93.2% 
enters a shell-and-lubc heal exchanger where it condenses 
on the outside of tubes through which coating water flows, 
exiling as saturated liquid at 0,08 bar. The mass flow rate of 
the condensing steam is 3.4 X 10* kg/h. Cooling water enters 
the Lubes at 15 C and exits at 35 U C with negligible change 
in pressure. Neglecting stray heat transfer and ignoring 
kinetic and potential energy effects determine the mass 
flow rate of the cooling water, in kg.1i, for steady-state oper- 
ation 
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fW&LEM 4.75“ 


KMOfc /u> ; Air and Retri ferabt 2 . 2 - pass iV\ 6 -eparafe shnsa-ms ibrou^k a. 

loeaf excUa ti.^er. 7 cm4l known a-f-ikc in le-f a *-d. eiaF of eacU 

sjreum . 

Fift jp : ie-ferAnVic ftfi) fU& -naa«s ffoiu rate of refrigerant and (k) iUe. 

rare of energy -frcmsfer fVorn "Hie air” iofke. refrCqeraktv 

Sc ueMflm c 4 &i \fe*j t>a-ta : 



EteGR. (v\cq el \ (i) Tne control Volume ir at steady sjtt+e. (2). Head- -transfer 
from ike cu.fs.ids of tUe. heat exchanger i£ negliji'fcfe,A*u/ ty^-D. 

(3) Kmeffc pofewtikf effects can fee neglected. (*f) rkc air beU*i/«r as an 
ideal gas .ftscaw oe Verified fcy reference fo tii« ccnAprrss ibility cUnrf. 

/W/livsl^' . (eti The mass -flow rare of ref-rijerant As defe-rmine^ iLStnj Steady - 
S+ttfe vnass ancf Pne-r^if tafances. First, Since tiie air Avid refrigerant 
fCotu as Separate streams 

■Wi, - rh z s tvj ate 


Vvi u ~ Vvi , 


'3 ” '"V “ Jt-2i 

Tivu£,*Hii e vi «/<}«} rate balance r-ectuces as foi/ou/s- 

^ - O 

0 -ACv-^Ca %.v [dv U) +J£!5 } f g 



ojaJl 




= >A 


air 


( 


K >-^ \ 

b H ~ t 3* i 


The *vnft.«i£ ftcu rate air is -fennel 'U.Siwi d.af'a. <_t fUe inlet a«a fl*e 
Ideal gas esoaticm of- state 

. ‘ (AffO, pj AIT), 

TVa ft : r - ^ * ^r, 


CM tarS) f ttfs/rvu 
f-|^-~\(300 1C 

kj-Ls / 


I0 5 w/*h t 

1 Lj 

l bar 

Lb 3 KJ 'irvj | 


- 51. U kaf ryLia 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 


Problem 4-75 continued 


From Table / 4-2 2 . ] ti ,- 3 O 0 .H kvW/eg c v*,d la, = £&£>. 15 Further, 

usim^ cR+a frorv» Table A- ? 

^3 ~ ^T3 *" ^3 & - ^ 6 *6) O'? S. fee) = 59. 3 W kT/kg 

-rram Table A - ^ * h^--256.5^» fe.T(fc^, fU,u.s 
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PRoBL-ervi 


Steam enters a heat exchanger operating at steady state 
at 250 kPa and a quality of 0(1% and exits as saturated liq- 
uid at tlte same pressure. A separate stream of oil with a 
mass flow rate of 29 kg/.s enters at 20°C and exits at 1 IXFC 
with no Significant change in pressure. I lie specific heat of 
the oil is c - 2.0 ki/kg ' K, Kinetic and potential energy 
effects are negligible. II heal transfer from the heal exchanger 
to its surroundings is 10% of the energy required to increase 
the temperature of the oil. determine the steam mass flow 
rate, in kg/s. 
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P£o8L(rM 4-7? . 


Refrigerant 134a enters a heal exchanger at - I2^C and 
a quality of 42% and exits ;ls saturated vapor at ihe same 
temperature with a volumetric flow rate of 0.85 mV min. A 
separate stream of air enters at 22 °C with a mass flow rale 
of 188 kg/min and exits al I7 D C. Assuming the ideal gas 
model fur air and ignoring kinetic and potential energy 
effects, determine (a) the mass flow rale of the Refriger- 
ant 134a, in kg/min. and (b) the heat transfer between the 
heat exchanger and its surroundings, in kJ/min. 
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A.s m l'i£- I4.7&, a condenser unij^ rixtr water 

1° coodeiisc skam wiih a m;t>* flow rale of 2 X ]tf k« h 
frorn sMuraicJ vapcir lo saiunutd Jr^ud Jl a pr«swre of 
<U h:tr L'i piupHwd for an industrial pr^ni. Measurements 
mriittlc Uuf several hundred meters up>lrcam of the plant 

thtf rivcr Jli *> “ vlric flow rase of 2 x (O'mVli and a 

temperature of W'C l or o ( >vratioij m sieady stale and! 

ignormi! changes in kinetic and potential energy, determine 
the river-wiiier temperature lisejji C, downstream of the 
phnt traceable to use of such a condenser. and comment. 
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P Eosll-ai 4.?7 


Fiaurc 1*4.79 shows a solar colkxlor panel embedded in 
a mol. Ilie panel, which has a surface area of 24 fi' receives 

sea-zmA-ric fc data: 


energy from the *un at a rate or 200 Biu/h per ir of col- 
lector surface. Twenty* foe percent of the incoming energy 
is lost to the surroundings, The remaining energy is used to 
heat domestic hot water from 01) to 12U J F t he water passes 
through the solar collector with a negligible pressure drop. 
Neglecting kinetic and potential effects, determine at 
steady state how many gallons of water at 120°F the col- 
lector generates per hour. 



200 iitti/i.-riJ 


Fig. P 4.79 


&J6JF WoQez.- ' 

j TV* Co'ifol S l-vo-w * :*>+‘ 

Slcel-ct-, ,i «+ i f-« -> */ s+wre. 

2. ^ <■ ^ W ' vr " 

^rteke. 

c*" * 3 -' 

3 . VZV{CT) 


AMALrSlf; 

0 = 


^ ^<=*‘05 4 . 2 ^?^ 

-j* Vv> £_ b ( — l'i 4 .+- 



e r€L_ 


GL, 


li z - h, 


CO 


Qw = Co. 75 -) ( aoc* ^ 3Zco Bh,/A_ 

The*, w. K v,, ~ ^(qo-p)- ?Sc-7- h t 2 hf =■ ??- c 5 tv/ &-*£ . 

iiaSrrfErt^ v'a ^ E^-tO 




_ 3e^o 6^/A 


-120-3 


bt- 


Citf.d - Sc- iff) $>W/F 
Tv~ s^iuvwwlv^ i^uv^c d ^ /ae*^ «'** 4 *'“ 

j^y-Y - ^ ^ ^ ^ 

1 b 


l.qv^/k 


C^rv, \j~wir k‘,V| Ci. ^ * Uawv / ^ j 


Ca\tV- ^ 


i. >* 

:-.i35fcipr 3 


= ,4. ST 3it 

k* 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 


PP-ogce ^ 4. ££ 

K fra ouM j jLrc provi'iJ^ ^x>r e* -f-c v d w^f<r- Kc* + C r~ ^ f - £ ^ ^ ^ $4**,^, 

F I De fer «*■'•*£ -J*ie ^ pf «^cv4- <- * P +*k <- '^f o 's^f*** r 5 ^ r ^ -l, * 


Sc H-C <Vj a T tC «ff G ^t NJ D/174 / 



^ bc^f 


fw£< fVioi)£ L' !• Th< c^jrt+vpl vafuvwf s U*uyi^ s t k± *^h a h <. *"* ^ t? 

2 * PSy- it^ Ci/v^h^A Volost, Wcy -d? J tr^*rp*^ ujf+U -f-U*. Eu/rt>t/*ii'i^$ 

c#w, l ia_* Cojv'ored - IdivicHt ^pj^cfx <a /^o €-&&, He^iccpecP 

A^AC'CVIE’. A-\ sP**d ly 5f^Jt -V'Kj I^-I^tj A-£_*. dd 

Q - /rtj 4^^ — Vvi^i vwt| “^*^*2^ 


TTk* [o*-lav*<i£L ft'Lu k .£fli 4"U 

O - J2 is, — ^ iC 1 '! * ) +***i.^ t +^^^l.) “ ^3 (.**3 

55) 0- ^,U, 4 ™ t lii “ ^3 Kj 

"X irt d— c*rf^ k** J “ *** ( VV * 3. 

o -a ^ | k , + 1**3, k Y - ( !»»,-*■*»• i )**J w " v ‘ t 

iY OW T^Jb/\-fj 111* "MlO.l M/ICJ . Ivi-w-T^-A-J, h 3 a SU.klrt/l^. 

Uj^'-Ha 6^ ■ 3* W ^*\d 4*4™, ^r tfw, "F*^L* A ■" J— 


iiihl 

x'M 


© 


TV IAS 




V\ t ^ W* t HS e O ^ [Sg.HS' co/^ 

*„» u ) [ r-AVjs# - ] - aMw ■ t< ° s ’ 

t. Uc^ e<*. \.\1 , V^tss.iH Ux/uej o,4u<a v. 1 0 ^ /i* 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 


PftO0l£At 4.g! 


KMOu)M ’. An open -feedtUcL-fer /tester &yerafe s wifU Anoion im lei- ahu' 
CoiuUr/pRS. Tim mats -f-tou: r&b af one in[ef i.s cjiu'en - 

FfM) : £ eleven me. tnz vn&Ss flowj rate. or -the second in !e f. 

SerigMfl-n C- 1 frU/CM-EWA -. p^lioetr 

j~ e ~Ofi £ 


cx ir 


^ -7 kc*r 


saf./ieui^ * 3 



j I Vn, = 70 



g_^fee. model « ft) rAe con+ro/ i/ottcwie ir at Steady sfrtfe. (2 ) Men #- -hrnnsfcr 
Wl’Hi -Hie 5urreu.n<l fn.js is W<v = c, -C3) Kin efte ^©fewfW 

enet'^tj eftec fs are negligible. . 

An Aim si £ : To hhd } wi+h-fie y^us% &mA enei'jj 

i^JaKces m o , o 2 z 

O^fiUv-yvff Vw, -*- rv>j. f l'i*+'^ 

-“3 

With no^tvi^ ~ m 3 a-nd iLSSum-jO-f-ian (3) 

0 ~ 'V/i, k ( t-m t k z ~ hj 

(K-M 

fnprvi Ta fe>/^ T, <=7>* t at 7 fear . frence, .stw-tc. I Is c o^^SieJ lifutd- 

u.<,ii\'+ es.3ki3- a<vU dak t>-«rvt Tof>,te /V"Z o-f* ¥2.*C ' 55 

o 

(L) K a Kf (i;) + UjpCT;) L f> - p^t-CT;) J 


o x~ 


Yv^ = Wv 


175. <? i cT//<j f (i.oofifcXfO''— ) [ 7- 0.062(b&jkir 

J 


— n (? i (<0 k'J" 1 

Ficrffier, f rom Tab/e A -3 

^2 ” + = 6^7.2-^ t lrfS)(jL0tob3) - 27ZX.X kTficg 

\f\j - 6>97. £2* icTf/cj 

/ni-fc - £>77,22 \ 

**k = (70 fcn/s) r 


| i 6 5 ^r^ 2 [ ! I ^ 

J ba.r | j Tc^^ rv ; 


V £-97. 22 ^llZZ.2. 


- / 8*0 1 ^ 5/5 ^ 




j $ j 4^^*- 1*7" cjm LA-u d ; h L ^ kf fr ( ) 5i>r. ^ K-ajfc^ * "TK<. 

*A C-t ^ *«. 02 . ^^/s. 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 


P Rc 6LtM 


For the desuperiteaier shown in Fig. P-US2. liquid water ar 
state l is injected into a stream of superheated vapor enter- 
inti at state 2. As a result, saturated vapor exits at state a. 
Data for steady state operation are shown on the figure. 
Ignoring strav heal transfer and kinetic and potential energy 
effects, determine the mass flow rate of the incoming supei- 
heated vapor, in kg/mui. 
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IT Code 

pi = 30 // bar 
TI = 320 // °C 
mdotl = 15 // kg/s 
p2 = 25 // bar 
T2 = 20 // °C 
p3 = 20 // bar 

hi = h_PT( , 'Water/Steam", pi, TI) 

(7) h2 = h_PT(*'Water/Steam", p2, T2) 

h3 = hsat_Px(”Water/Steam'', p3, 1) 

mdot2 = mdotl * ((h3 - hi) / (h2 - h3)) 

Continued on next slide 
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Problem 4-83 continued 


IT Result for 7, = 2Q0X 

hi - 3043 kJ/kg 
h 2 = 852.4 kJ/kg 
h 3 = 2799 kJ/kg 
mdot2 = 1.879 kg/s 
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PR- 06 LEM 4.M- 


Figure P4.S4 provides steady -suite daia for The dialing 
ahead i>l the chiller coils in an air conditioning system. Oui- 
side air al 90°F is mixed with re i urn air al 75°F. Stray heat 

transfer is negligible* kinetic and potential energy effects can be ignored, and the pressure throughout is I aim. Modeling 


SCHTMATI C T 

OuldiJe air al 

7', = 9lfF 


- 600 ft/min. 



I he air as an ideal gas with c p - 0.24 Blu/lb ■ R, determine 
(a) the mixed-air temperature* in T. and ib) the diameter 
of the mixed- air duel, in ft. 
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PRo 3LEM 

fCAJpuu yo . /^ro^.'dcd for efecfre^Wcj <«c^u.rf c:oo/e^ 6 ^ 0.*n 

<5Ur ^-Cov^y iVxciute^ ^ oj ^ -^**'). 

p/#^Q‘. !)« ferkwHH-t Hht^J [viC -f-^ Q<-c* fc <J-f ^ P /•-r' - # f k£ 

sc m / viatic £ tfVEM T>A-m: 

1 ~^*r 

W ev/ s - [2S-W -+■ »0O\wJ 

a - IZSW 

a - O-IISkW 

0 -£ = *r°c 

gMSsR. foooEL *. (- TKa c^Vof Votu«A- sUiwv. i-U -ft^. i e^j i/k* k‘c U «-i S +e*A<-j 4+»- rt - 

Z- i/Dll/*— * j U^ » * - * U# i IXcKtTI u*% tLitx^ X ^aXa C/ po4* 

t'^ tv^d * ^ * A>C 14 *W ff* .£■ *J (VO *a-v*. t cL n », fl ^*3 S' , 

4MA*-r&/££ A4 i^ =. 3 rwi . "Pk£ tnerfy r^fc tg*.{**t* 

O - We* + ^ fCh, " hi.)* ^y^*~ + jt^f^li.) J 

( -W«/) 



</v~ 


* 
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Ou.+u vCv - (A\r>, /aJ) <w A- h'«U-». Jfro S-Mx 


»u = (w),r . 

i-r, 


6 Utt H ^h -«*-3 <-*— ^“J "^"-1 ■**- 

<m - c * 1 L 


fj 3 ]±. KJtYmiA f o ->*r “ J /i ~] 

■ ~ c j^U 


- ? */o' J a? 
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PfcoGLeM, 4: ?? 


IcAjowaj ! p ro ^ i' ti c ^ 'jtsr ^ J (a St ^ *j fi / if ? d! Lu 1 

etPtJv^wC^ co*<**^joki t *^it ^f - £ a ^ ■[— *■ "h® ■ 

Pt+j-D* T>c-t-»^ h, ^ , -' t 'AC -pu^ £A_?c 4 fc*“v\ v^ p o w £ r 4— a- 5<3L^" ( 3 v-y* 

ck do 4^. fc vwpne ^ H* r-e dJjT Cfetz-fiVij 4 kji ^C. to & Uf € - 

TCHClMATlC «& & i 1^ 7Vi ■ 
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® 


gM6>R.frlt>£?gl ; (. -pi^ tan-jrol i/olwM-ui *-vv -HU* itUtuuifi'c. i£ <#.+ S-f-t^^*^ 

s+*.-U? , 2. F^-fK, o^M wt^t, he-W fr*rtj-#v i"‘fu r t*-‘ Sur/pu^^ 

*?L. .'(L^ricJ J AJ £**i ti'M*.'t/ po4**/v‘^ enu.'-j y -faf^ecfs . 3. ?3r +^* 

tnWitvj & ^.d -w / -Kr -5 -/*'■• K (S bptT'), 

At-?ftL'f St S.* A+ S+txiiy S+A-’^ 4 / Vt ' | ~ M ' 1 i_ ~ , ' V ' > ^ ^ y A-*-ti- b *>. I A.H C. <L 
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Z. -Hv* usual 5igr~* covt^evt+vjnv^ W cy Hepf-eieu-Ts poujev out - (put . H-eMce^ 
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k Ma iM**' provt dej -for efrtfrt/Wc* cow^)o»fP*i fl ^ WK 

^ pUK ’iU^- Aft cwic d ^*1 fl’ on -to f W K*-C3i^ AcLi’iAg $ & 

tuA W* Cer^ I a E r a, +vv Im. oo^cdid ’fr^ ~f^-t p i<at & Ope^A fa tiw l% **£ 

s4c^ dy r . 

Pi r n/ Q ■ T)e *v* 4^-* 4^- b-t ^-*' * V^i t 1-&Y'. 

SCHZMftTtC c V&fitehJ 1)AT ^ : 

Convection # 

ceiling on ^s_ = _ O* O J to w 
j lop surfjvi <v 

/ J . 


Hkv uunic 
component 

Wc/- - O.S'toV 



r^24°C 


Erg&ft* mp&&L : [. A coi^bT>\ l/atunuc 4k*_ pUf^ - V«d <tkcfrrfl^ L ^- 

coi^-p o/ie^ ti u» k ^rw a.** i n l<fV I n^t< E *— 2. * T^-r d£»*^\fvo[ 

(D iU o.-v s-V^+^y iU+t. 3- ^r t*^ ^*,4**" ■CiA-W'jKfl jlvj 1 A*" 1 ^ * k -v Wr CTj xT-a^^O 7. 

4, k-iW-ht a *k * pot#^h' j*^ * b< O r^vw^re^, 

A m A t T £ l S * A4 3 4*ii ^ ^ -k^* ^ ykj-1^2*^* 1 ' 1 * A is & j 

A, V7 _ (j tpy^^VT 

m; 


►W - 


Avv 


VTfCT.j 

o^ 6 CV _ w cv -t 

. r C3w-W«] L 0 ^* -^‘■'"1 
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fell*ot*Kj Ai oaMI 


X)- 


M 


4 v^CT.) f 

( (Qtv -Wev} 

7C vr L 

. Af OV)- kf tTt)J 
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_ Q .00 6^ | | 


- t 

7* 

-< 


£ ff T-ii ftf * - 1^ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 


reoeceM 4.3 7 


I^nJOioaj : A — . o ^ \ o- exj?AA(Xs -fUvouu^U a. vd-Lve prom «.l<nou m pr-eisure. 

a vmJ. 4-a.vwpov'fthAV'^ -Jo o- gwev\ A ( pressure. 

F IMP : IV-fe/rvij Ue -fke exi^ - quality . 

Sf-HfeMATtC $ drU/E-JJ PA-ta . 


/> = 1.4 
- I 4 b«.r 
T, * 13. e c 


0 ) 




O.os m 
o.y bAf 
7 



or 


Moqel tu) A cor\Prol volume. encLo&A 13 +Ue valve is <*.+ &4ecuUj sAtte . 
Ci) The rWW^-eraK^ u\M<^«vgoes *- fUroitliAj process; lr\ t -U z . 

ANALYSIS : According ho ciaAu from Table A -14, <ti f t ~ 14 tar j 7^ = !(»■&> °s . 
Smce T, < T Su + sU.-h. I is i* H'e compressed ii^u'id Vefiifru. For > 

0 toe use 3. J4 4© tra.lnA.4e. U , } a* hollows: 

h,* k f <'T 1 ') a 113.17 W/fcj 

where -Hne. value is oloj-asUed from JaUe. 4-11 . 

Bcfi AS£U yuph-OU. C -2.) 

K = ha. 

" + *x Kfja. 

Sdlvinj aW. i^se-rAVi^ ©fft-A. Aom TaWe A-Wo,f p^O .8 i>o.r 

K- hf * 


* - 
2. 


^3 


113.17 kJ/% - 4.Q4 ta/fcq 
11^2.13 leT/i^ 

= 0.3317 


f. hi ere ; tue U«.ve /gwor«z/ -Hie effect &h pressure. or\ pUe specific entUa.ljtu of 
n^tu'el r*Aoje/fi.*ct. W£ could IrvKve. used &g- 3. i3 -Jo esfiiuoft fUe effect- 
pr-es su-r-e . Xu c04e, wau/ci have teeiA 133.^4 UTlky } <xud ike exrf 

'au.0iUh\j wottftf Uave been X z =0.in < i 1 13.34%) . TUus, usihj £^. 3,/4 is 
vhry tccturafe itA '/'I'HS JdAse j coud tl\e Ofproxt'maAtOK. oh 6?.3. i4 is 
Cofum only used ulkevv. fe-fyi ^Cru/h cm are 4naUjAe«A 
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Problem d 


Kmo o>aJ i Pr - o p > & wc. e*paviii.s ~l'Urow^/\ a valve TVorn a kaoton iniet •S'na.-te "fo a. 
f*n.<3w ;n exrf prcssuft.. 

FnvJD 1 . Tiefe irm ike ex i t IfDvipemtutre . 


<&.) Hectf-huvi spec k? Ke^ligtkl^ -p - -jo d c 
QJ*A. W<v =■ 0 . (3 ) km £f '.c 0.vu( 1 

poteu+ii*4 ewevjy etVecfs arc 1 ^ .ij- 

Wfliiio'iUc. C-Winrft/ii^ process.) 

/WAO/ SiSl T v\ accorctcuACZ w&k -{-ha a£$0fr\f>hhns -rcnr & fkro^iik^ process > 

L/lsikg ctcfs. -fkom Table A- 12 

k x = ki. — b CpST. 5" 

jM+e.vpcjJahkg in T#kfe /l- cl£ p z = £ bar , St*?, S* kJTlkg 

r z - $4,7 °c ^ 2** 


5 c H-fcM 4-ViC t &U/gQ 

EmCH mop EL! (i) yUe cwfro* 
voCu*mc is ftf ileatUi 


c<J2 / p^-o.srvPci.- 1 

P = 1.(9 «P^ - ll.t.* - 
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■ “ . , f , . i ju^. £_ *utLh*sej fo i"«- 3 

54^. V ■ ?- Tkj »\p*H!lWi 

wmxUju : '^■t.'Z. ^1 i wWe ^i( « t^fi -t-x, (hji-KfO * 

A*^» ft fi j : c*» •4*'- a i iw *»*p ft* 
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TaW^JI'k) uC TU*. M-* o-t MP*~ ^1»+* -T^-(Sl*C ^ 
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PRdBLEfA 4.^2- 


* 

. -r 


KNOltSAJ : RefrigdrflKt 13^^ e?cp<5[vx<is -f-Vi roix^in <x. \>a tvc from a. Joiccoio inlef 

stole 4 o <k Itooum precsu.re. 

F IN t> ’. X>eferrv\ ine +Ue 0014 •Wm.perofu.re- (\v\d ^ualifij 

SCHEMATIC j ffl,t/£lU DATA : 


Votunie is at Steady slate. . 

(2) Heat -/nuix-fcr is nt^h'^iae^ 


1 ^ n * 1*^1 U /IV' J t w V |J M. I ^ 

v\ eg/igibfe. Cftirctf process) 



AlVAC/SlS : Ttn accor^awcc. uitfit fkc 6K a ni f>tu>n-£ -for a -ibrcrtf b'ng process ^ 

||| = h z . from Tao(«-A -lie; t; < Ts^t® 140 IL-fltii*- • -fkuSj -five i^fef (Stete li 
/'n flee. Offmpre-ssec/ /i/ruiV re<p’<n\- T^OriWj -Hie effect of p«?ssure an -rbut. 
eMiAftffy of fwj Ta&e A- 106 gives 

fi ( - Ji f fSOV) = 37.^1 6 fu/li 

^Sim ce. h z - U, = + Jtj > dado, fro™ Table A - U E af SO /tf/iM 1 a iVe 

“ I'lf x 




l 'fg* 

37.^7 

23.7* 


a/nc( 


^<US 2 (/s.sO < 3 - 
X = 40.2.7 t> F < 
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fnotbceM 4.^3 


KAJou jm : fUiMS to/oiA.jA A. wt //- luiulaled VA-ive -from spe.ci-fied iml&h 

COtwit-ftcm^ -to <v lciA,0i*>ir\ ^*ncssur? . 

fiMb : fa) iJe-kv-miHe tot tX(f ve.in>c\Uj o^d enf-leM^W-forit raiio 

of ('ute^-to'tJci-f ipi'pe ci<ftw.ef€,/£- y cA./J-l. q.±J p/of -/JLt <?*£+ V-efocUy, 

fttyfi j versus d-id^ irfiLujiw^ fr-orti fl-z.5 fo 4. 

SCHEMATIC 4 6.n/£-Q papa : T 


StoftWI 

p a SOO «* 
ri rn> — 

T,- 50o a F 

($!= 1 iVi.« 0.O9333 ff 


//tlj 

rtf',?** 



f i**£ 

v“° ,-? 

is 4 

Vvj * 0J| I^/j 



Etj^Mopg u : (t) Tl*& coyi-frof volume n A.t sfeudtj sj&ie. 

( Z ) For fk& CjmWot Volume^ <%c. v -Q a^ud [a I cy -O, 

(3j pd-tewrfux/ evierjtj a ^6 Me-j /lj Hole . 

AMAiy Si $ * O) To iVie 'flee 6>af ^ J>ejji’u. wjj'K -Me. ^'viArs t&iUwce 

OmA E^. 4fi >: m ; i m z ^ im j a/H.4 




m 


4 t vT 


V, 








_f7 

•v. 


Mooo, v/T/at, - VV' /A ( - 4 yy '/rt'd. 1 i ■ TiAsevflt-^ */aCu« 


Tku5 


VT _ (4) t- u ibis^ _ ?o n 
T-fl ~ TK f.OftW-fV) 7- 


xs l--*°-n (rS’ Lr(T '' r ' ) 


in 


i^A^'iH, 'V',-0.4- 92 ffVlfc. fre^ T^Z-e 4-4£. 

\r t -Cio. 17 )fo.‘?‘?z) = ?o.o 1 -ff/s 

pr#« £ i ) u>£ set -IV^t if is hectts^ry -foSix. sftt/e 2. 4& Cisa.liA.Afe VT^ . hncM^tf 

re /afitfn Is oWtuTue^ -fn&\ -fae energy b&lc&uce of sfenfej sWe 

o-M v -dF Cv £k- u -ti +- c v i-“^Vgt^ 


(2-) 


O' 


\r = JTTt^kT) + ^ 


U *-M* 4rxnm T^tJcA _ 4E 

\r = fx I i2ii s - U | — ■ ^ — 1 | — L ffi L . j +(2o.o/ ft/*)* 

2- J L J 1 II® 1 32.^ i!. -^hHins ff lWl 

AsifUn^-S fl) a*^*£ f3) CM< i< jol ved 5u*v*(to heouslw Us/i^f -frofvi Tai/« 
A-4e «u.if an ffevrafwe process. rAe rtcw-Wc /toy «(,/«(*.- d. 1 5 

71 = 4 34.b 




^ 3.140 ffls. 


Continued on next slide 
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{ b ) The -foiloootAj IT co - Ae . caw W io solve . £ y ^> O ) < v * ACz ) w/M T ^ e . 

QssoCicded dcL-hx. -for slea.w\ : 

pi = 500 II lbf/in. 2 
T1 = 500 // °F 
mdot = 0.11 II Ib/s 
dl = 1/12 //ft. 
p2 = 200 II ibf/in. 2 
dratio = dl / d2 
dratio = .25 


A1 = pi * dl A 2 / 4 

mdot = A1 *V1 / vl 

V2/V1 = (dl / d2) A 2 * (v2 / vl) 

hi = h_PT("Water/Steam", pi, T1) 
vl * v_PT ("Water/Steam", pi, T1) 
h2 = h PT(''Water/Steam" p2, T2) 
v2 = v_PT (’ Water/Steam", p2, T2) 

0 = (hi - h2> + ((V1 rt 2 - V2»2) / (2 * 32.2 


IT Results for the sample 
case of di/d? = 0,25 

J 2 = 434.2 a F 
V 2 = 3 139 ft/s 
h 2 = 1231 Btu/lb 
V, = 20.01 ft/s 
778}) v 2 = 2.490 ffVlb 


U$IM ike. Explore, button , suje&f dmito ■ fro 
c&hsiru.c-h -follouu p/ojs • 



w\ 0.23 io 4 /w sieps “f 0,25. , 

440 


430 - 
-| 

— " X 

u_ \ 

L. 420 - \ 

IN - \ 

I” - \ 

I ' 

410 - 

400 — — r — i — | — i — r — ■ — — t — i — i—i — t — i— f — 
0 0.5 1 1.5 2 2.5 3 3.5 4 

di/d 2 


CoMKetoTr 


No+« +w*.+ tx I if/di ta 
^ kj. 

CSec*4'o^ °-f 
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po LU € r% ^ Ctf. ; ra ~ £ n « *- G <■ fT ^ ^ t ^ ^ rt^r 
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Air 
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C^C*?. fVfc QV L - 

L As *it4 ajm tu “t^ 2. X c tcf» 

o* Or-v Jv c- i v<? f ^ *vt ^ C w e k ^ <3* ~ 
■fkt K\r(?/fi^ . 

^ "RK^f C cn^ ki; / 'Al W ^>C 
- *f £<* dy _J 4 Tc , 

5 . T^u 3 *?- C£sx bu r>^c ^aJj? q 

ax ^ 0U^4 7^ a# "2£ 

^,1^ ^;oKnh4 

‘^/We. 


A^jAtrSIS :<a)a+ rM-c ^ |r ^ 2 


<£vr) f 



1 — 
•A* 

fc/1 

s(«+±a)f 
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1 

< 

^ 3 't 


C Ctx .' f A Vvi 

& %g>» 

10* M /4 ^ 


_ (AlJ ~^/\ri 


= ^ $1:2: <- 

s 


/W\ Xh Jt^^Vj r<a. f t k>n I # vif ^ CL-Q 

0 - C'ftV- — Wcv- -+ ^ [4 ' 'l + 

U. Wcv= *1 00 <W + l4-C0f=W -= ZJOG *W. W' K <", ti t fr-^w. 

T*. k l * A - 1' 



(£> tv , ; \Nc/ •+ l, ‘- ''O 

C noocw-t fi%(3Z K-mir)j^l li.^ 
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PROBLEM 'Ms" 


K IOOUjM: ep*r^-»ij Jft+a. a^e pro v,' did A- ^ jkr-.ft/.V^ 

We '--hA < ppi {*,£ + L- f ^ f CK C kvdk o ^ ^ 


P * f^D I De ^ < r u *r * ^ t f kj /*j f /«* €W / 1. 

ra A-c +Uj 1 1 -) u i <i r W*. w* . 


^•gtf giMArtc T GiVSto DATA: 


L J -fi-i VK*rr 


ftoC fi Hopfu 


Vnlv 


| — I Itrui e x l' tun gc r 


Sauirarcd 

[iljui.I ft- 9 Xla 

at r, = 36X, 

m | =0.26 kgfo 



Liquid water 
arr^= I OX 


AfoALVSlS: 


Fig. P 4.95 


f.a ) <. . *^_jl +^~-> J*r* jpo, n J. t" r^-» V * Lvs t 

1 r" — . p r ( .■, i_ <— /, 
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<(.g8 l-'ig. IM.'JS slums p.iil of a refrigeration system consist - 
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Ke frige rant l.>4a are given in the figure. There is no signifi- 
cant heat transfer to or from tile heal exchanger, valve! and 
piping. Kinetic and potential energy effects are negligible 
Determine the rate of heat transfer between the evaporator 
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PROBLEM 44^ 
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pi = 10 // bar 
T1 = 36 //°C 
mdotl = 482 // kg/h 
p - 4 // bar 
x2 = 0 
x3 = 1 

mdotl - mdot2 + mdot3 
0 = mdotl * hi - mdot2 * h2 - mdot3 * h3 
hi = h_PTf"R134A M 1 pi, T1) 
h2 = hsat_Px( lf R134A" 1 p n x2) 
h3 = hsat_Px( 1, R134A ", p a x3) 

Continued on next slide 
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Problem 4-99 continued 

liitKj p -A bar as a. Case. 

/T Results (p = 4 bar) 

m 2 = 385.1 kg/h 
m 3 = 96 87 kg/h 
h, = 100.3 kj/kg 
h 2 = 62 kj/kg 
h 3 = 252.3 kj/kg 
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PR.oBL.eM i-.ioo 


ftwir in 


Carbon dioxide (C’0>| modeled as an idea] *>as flows 
through the compressor and heat exchanger »hown in 
Fl "‘ |N4 Ihe power input to the compressor is IIH> k\\\ 
A «t|uid cooling waier stream flows through the 

heat exchanger. All data aie for ope ru! ion ai steady Male. 
Si i ay heal transfer with the surroundings can Ik- neglected, 
as can all kinetic and potential energy chun-cs. Determine 
to) the mass flow rate of the CU,, in Itg/s. and (h) the mass 
I how rate of the coding water in ks*/s. 
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A simple gas turbine power cycle operating ai steady 
state with air as the working substance is shown in Fig P4.I03. 
The cycle components include an air compressor mounted 
on the same shaft as the turbine. "Hie air is heated in the 
high-pressure heat exchanger before entering the turbine. 
'Hie air exiting the turbine is cooled in the low-pressure heat 
exchanger before returning to the compressor. Kinetic and 
potential effects are negligible, llse compressor and turbine 
are adiabatic. Using the ideal gas model for air, determine 
the (a) power required for the compressor, in hp. (b) power 
output of turbine, in hp. and (c) thermal efficiency of the 
cycle. 
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PRoBUriM 4 'o4 


A residential air conditioning system operates at steady 
staLe, as shown in Fig. P4.1Q4-. Refrigerant 22 circulates 
through the components of the system. Property data at key 
locations are given on the figure. It the evaporator removes 
energy by heat transfer from the room air at a rate of 600 
BCu/m in, determine (a) the rale of heat transfer between the 
compressor and the surroundings, in Btu/min, and (h) the 
coefficient of performance. 
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p^o gLf M 4-/05^ 

Separate streams of steam and air flow through the tur- 
bine and heat exchanger arrangement shown in Fig. P4.105. 
Steady-state operating data arc provided on the figure. Heat 
transfer with the surroundings curt be neglected, as can all 
kinetic and potential energy effects. Determine (a) TV in K h 
and (b) the power output of the second turbine, in kW. 
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Problem 4-110 continued 

(i) l>ata ar £ ohb xCneA ~h> mafcx 4^ required l T, As fo Wowj : 

IT Code 

V = 0.06 // m 3 
p = 1 5 //bar 
xl ==0.2 
x2 = 0,5 


ml = V / vl 
m2 = V / v2 

Qcv = m2 * u2 - ml * ul ~ he * (m2 - ml) 
he— hsa^PxfWater/SteanrT, p, 1) 

ul = usa^PxfWater/Steam", p, xl) /T Result (x ? = 0.51 

u2 = usa^PxrWater/Steam", p, x2) 

vl = vsat_Px{ i Water/Steam ,, 1 p, xl) Qcv - 2547 kJ 

v2 = vsat_Px("Water/Steam' , 1 p. x2) 

The result 4or X^O.S comp^r*?_s Ve/y -favorably uj<-H*Hre result of parfc*), 
fJou), usmy -tUjL cx lope, butiovu, *u>e^p X^from d>-z +o/.o ru sfcps of ixos, 
Tke 4b//owmj p/ofs &re ovriibrucfect ^fror** : 



x 2 


3500 
3000 
2500 

3 2000 

<§ 1500 

1000 
500 
0 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 8 0.9 1 



We see 4k-e plo'ts4UArf 

the. head* 4ranj£^ twcmaies 

raj)idk j ohMaTC^ 
yym^s \ djrops 

r&f idlM as 


~ x 2 
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PROBLEM 4-J/l 


As Shown in Fig. I>4 | | |. a MO-fl 1 tank contains H-O ini- 
nally at ."SO Ibf/in. and a quality of 80%. The tank is con- 
nected to a large steam line carrying steam at 200 Ihf/in. 2 , 
45ff'F. Steam flows into the lank through a valve until the 
tank pressure reaches 100 Ihf/in. Vend 'the temperature is 
4(»rF, at „|,ieh lime the valve is closed. Determine the 
amount ol mass, in Ih. that enters the tank and the heal 
transfer between the tank and its surroundings, in Blu. 

^crtg^Ttc 


Slcain at 
200 Ibl/m \ 

X f 

/ 

4^i u l’ 

/ Valve 

l\ 

"Hi 1 — * 

,1. ^ 

V " 

- 

\ 

Ow 



nr 


Tank 
Init ial I y: 

i0ll»Win, J ,.i , = SCW 


Finally : 

100 Ibflin*. 400*F. 

x l _ • — - — 


EKiGR iy\qq£L : 

1. Tki £cm*4y^> 1 V'tt 1 ‘f F 

fVw s£r+ch- 

3 . 

t A* **» fiflrtf Hut ■ 

3. W,v^. 


Analysis *, 


Fig, P4.111 

A (5p I n ^ W'Ji v, ''-ec?> £ 


- vw ‘ — m | 






’I „ 4-K4: £ C^C 




M -f < ^ 


- [ A 4t 

3. 00 !*-+ O-S-f (??S-0 .001?) “ Ikl 


V/-VT A+ 


^ _ 3oo£t 3 _ jit- 1? It 

^^1- lipfSTf- , <- 

, vr _ ^ 34 . 4 ^/ii 

- (e c %■ ii? 




, . 1 (?rj <* Us - " " S3 ’ £S 

(*» a - W J " * ° 


e*ikfc 


TM b<*. <? re<Lucj3t f° l ow ' 

a^w ^ q c „ - A ^ - Qci,+ 

a-t x 


T^-W n ^V«5 v^Kw 3 

w> 1 u VIA, u 


w- u ; as- 1 ^- 

tL + . n - ' 
A* ^7 * 


^ GJcv. ~ 




\ 2ff £t| 40, f 

Us>"5 ^ *<** e w/i 

k,ltL , . . .-,n/,,„ , *>,/,,) -kWht'IW tyti - 33.SJli.M4fi.> ^>0 

O C^' 

-it- 


.h) = ^ 6 ^ /iJ * 


, fctlu 


(to.8ltXU3&- 2 ^ 

_ 2-SSl en- 


CX<- V' 
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PZoBLEH 4.112— 

tc fOOuJte: l&ihmjfy " j Ui ‘f* *v k_ t £ jf-V U ^ <4 "f fo^ «. 

Sfc*™. U^fAT -f p-M Erur'f uC 4^rvt *44* mi ^ /A i U p . 

F/hJQ 'r t A ) De W^>IC -+K4 (Vi -tk +5«^<c ifcJh**-* p - J 5 tea/*. 

(*) Plof 4*Ji w^*£i 4*^ fe***p<rr^ Hj ff irt - srcrttw -fro*** <3 *f to f S"k>Ar: 

*5C HTAi^T' C 3 D4^7>4‘ 


/^* ” ^ £ bifcf* 

r +'m Q c 


%■ 




V* ‘<? M 


>^V/ 


^-St^AiTPk Li<n£_ 


Pi 

; f 

/ 


EW(£^- MoD£ L *' l, “TU-* c 0^ Kt I volume % s, i U* u;vi 

+U- 7. FW Gy«W\ voi^wmj VV cV -iO^ 

G^s-O, a^d t<*tbc/^i>k"hM eurrjy t fr or^L. 
nejU'£j,ble, 3 44 «* irt Aj s4* p* tonj^At 

AMALVStt; Tkj ***w r*+* ci h**, 

/*■» d* <L* te CiCti'^ph^j ’/■K* te*rf***Cj^ 

reduce 4 o 

<gy= s^-^. * “A- » lS-'- k - la* 


s»«, ^ « ^iWl c*tf*~f.J.~?Ji *"*e -J.^ 

^V tv -. V, ^vj^-^Xu, •= Klw^J ^ Ui-lv 


to 


/* } p - fr&N^ T*. 4 - 2.^*1 2. ^ * T^€ ^ ^ i *i ’Urp-e U fi v * — ^ /IfcAi'' 

1,,K U i; a'm-T-H/es j ~fi - u-^O.zi/w 3 !^. Tt-i,-/— f>«-* ■“*»« 

3^* T* 


V to 

vvx , y~ x - t t 

ifi* 14 

( b) *T tS M haUoujsi 

IT Code 

V - 10 // m 3 
pline * 15 H bar 
Tiine = 280 // °C 
p = 15 // bar 

u2 = LLPT( r Water/Stearrf\ p t 12) 
hi = h_PTfWatef/Steam M , pline, Tiine) 
u2 = hi 

v2 = v_PT( Water/Steam ,l J p, T2) 
m2 = V / v2 


- ^?.3?fc5< 


.v«. 


IT Results fp - 15 bar) 

T 2 = 4247 c C 
m 2 = 47.39 Kg 

v a = 0.211 rrWkg 


These reu^lh compare 
V€r<y -favorably u/rt'Lt 
resuHs cfyuri (a). 


hJoujj fhc £>p/ or<» icn4.trtar< j S uje&p o fr&f* D*i Tt? 15 iu\ efo.t. -fUe 

?tohs are r^rrt 5 ^ruc^ed -frovn fke dfijtt. : 

425 


420 - 


U 

o 


415 


410 



p (bar) 
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PRO&LFM 4 i'2> 

Kaj'^uJ/O: A shrove tank Cortfa-'itfinQ f?e hi^enuLim a develops a. lecJca.tlcw]i*j 

t /of or foes cAi>€ until fft level of ocxMxmfeJ^ liquid iH 
He i b-Wc hc-s dropped -fo <x k^ow^ \ra I ia&, 

fm/J ~. pefev-miW "Hie mass of refrljentucf -Mot escaped &.wd -fUe heat 
transfer 


50-teMA TlC i C-l veM DATA- l 

6>jfeg. rwooeu *0) F°r "H'C to*iWo\ 
VdaAie , W tr -O. (Z) kinetic 

poKiAttoU cnevw*} efkc-n are vxg- 
kViUe . (3) Ike. prt'isanc. is 
Ctfnsftm.'t. 



f e 


v ■!> 
* !■*",>. ‘ 


^ 5<xhV£Lp©r 


ps 100 Ifc-f /r«7 
V = lH 3 
P** S«.f . li^u uf , a I.k-ft 3 

l~x Vf ; o QC+ 3 

R-m* ^ * v 


flAM-lYsiS ’. The nw.«S mtc balance. -fauces -fU* -lorrvi drn,.* /<At - - tvi £ . Tnt<vjra ,-fvng 
Jni c df = rvi v - Mi. fiviA^s eseAp«2<sO 

To -Hte Masses, use He. ve^ /oIukhcj <%uX( dxxfca -frtsrn TbUe /l-lltdf c. 

pressure of 100 

V-f| ( l •(* -fT - ^ ^ — i ") a i~> |L 

U ‘ = (O.Ql tO /U>) ^ ' 


W\ £ 


V S . V-Yr, . Ufa 


ix. 


- 9 ^ o.sisi 

Wi v =YVit v + w^, - llO.^C It 
SHulavUj -fbr Sfale 2. 


o.%s a 


avA 


VMf x ~(i>0,0<o I' 1 ® j - 2.S3> U> j '"t . 3 lb 

f ^ <1+ *ttO.‘U,-M.sqcs?.n lb * 

J I 


wias<: j 

e^dApcjj 


Uli+k ascuvwp+ionr (ij a-^f. (X) ,tW &neyigtj raie balance redcices fas 

CcmlstbiVi^ -tkc. wvajs s?a».c( energ tj ra.f«. Wta.Uce.s aAcl. inte^ratm^ 

6? tv * wi^-va.u, - ke^-rv,,) 

fro™, above. ; /m i = £>.00(^4 c^.A x t = i / km z = 0.0H0H 2 . Tkjus^lji+U 

-fre>fv\ Table A-llE 

-tCj = "U^ -+ X t ~ V 1 .H SHU it 3 ^U = Vl.Hb> Ski /lb 

t^A. Vi 4 - loo ii^LV- - 6V/U, 

TIws 

^ C v q 

- 


cv 
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PROBLEM 4.1/4- 

fcMflaJAJ : ^io^ty fr o ^ ^ Cu <JU - <*t f* #* J Ic. ^ 

V^l y WC t/n-kl -+k* pA^4Tu**« mjiEU*k -Hu ^o r T’Kq 

■fKi 4*.^ ^ l'J fc<jD+ Ce^xH'nFi't eU*c fr i'c^JL A-« f i ^ /dr^ . 

fl kJD *. t*) Ia/Kh^ p -; /i»-f A*, y ^ t 4< ^ a* < »\£ -K*< k4/#U*vi UMrft* -J^-^ 

*n*<-jy mp^a 4o ^-k, ^Jtiil»r. 0* ) PW -p*-» ^ LW*. hb'ft of p*st(*) wv (u j P 
1 ^5 ^ro*^v 4 p 3© 

EW<££- rVlopEL^ l * T^-» ton trot va*vi*e_ 
14 :U*^n rt^ona-fM^ 2 R ^ 4^ 

^C-cv”^ J o*t\d. 

bj- ^K4>te 3 ■ l/ia\ ui d*-i * W 

dS^ * sU-Ji 5*C> 4-. T>* ^’SJ &i 
4^ *4 s**#U e^^ a U-te b* 


SCiVSf^ATLC £ &i\t£ Aj D^r^: 



T = iwa*F 

p t = 3 d tb-f /^ v 


A^At,y ; 


TJn^ IA*h*4£ 0*f bel<Vr*T WiHUifiUVN 


0 £- 4^ *Af i A +*/ , l T*-fc UA 0 Y - **^ 

* 4^- 


d * f^f$*soc (q-c fwec« -f^ 4 - mi^ ^ ^ 4-w* 4*-*.fc 4^ ^ 

+i^c ^>4U X*JtU~ +xWlC - (A ****** u*.' 4 h<tr^M^-) ~ -#vl 2' ^ 1 ^ ^ " /£ 7 

^A^Jt -j iWt- Ow. W. u^* fc. ^ f 




tX ~ Ll ^ (fl-P)^- 

PT ?-T ^ *T 


I l44**. l | 

| 6*+i) 

1 lft v 1 

11 



^ (| 0 _p)C4.2f^^ 3 ) ib 


U) 


OO 


TlvJ J Ark 4^ JLlkrt li b4 j ''"t i./<fc4 i — rL £ . Tkl fMf^ ^ A2t> b »XkkU k. -j ■ ■ ^ 

j-Kr/it - J&Z - * w — tJiflUe . Tkx V»4ucA'mj iw \ $ h>A Aunts J And «* fVK^ ^ 

C^hamK: b f c+rUA^. C^rwn^ 

4be^^ 43U«v =-UJ Ctf +l ? -0« t/ ^C-0'«,): ,*, l u t - 1», U,-C«ti -«., ) 

<ix ^ 

-u e t4 ceKii^^l^ t u£T); u , ^ u{Tjy tie 1 % w fTj , TUm 


(J) (r Wt/) a C ^ ‘ Xp Oj «‘4k ^ aA h ih^-j 

'& 1 ev<-‘) R-PJV/^7 i ^'^ i, ^j (-u> e „) -(f.-p^V. T<-— #-b.j 


( 1 ) 


pi 10 ll»f fik' j £<j.ti) <5 <tfJ»si — 0 0S"0S , Sf- ft) 3 lVfJ> “ 

t-Ww’ii: I5SS R^ - 
iv) Pt_o-ni 



I- Te iv^iA-W,^ f K*. 4*^ t Ccn* 4 +«,<--<■ ^ 4**-* Aj j/J Wvf+ ptnv,-^ 

€ i\^r^y +o ^ la* 4*^ 4» ^ K e^u*t ”h> J b -f^<> ua_^- Oj >q 

^ t . ^ 
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prto&ueM 

fcN CKO 10: Art in-s«fate 4 Tank. ConWmVv^ o jcyg en (tj.) (3 connected, to 6 . 

/me cammi* 0 * y 9 * v '- /4 U*bfe oetu/een ike. tank. «W The 'me 

if <yp£n«.« oimcjI q&s -ftoos into ike. ict-mlc. uk 4 i / ike presiciae reaches 
+W.T of the (me. The vf-Wc ii close d a.nd emA-kmlty ike tank. 

Con-teviH c °ol hack. -k> ikeir ini Hal -kr*.pe rah^te , 

fiAJB: Determine. 00 ike i&nk fe.Mpe.ra.hA.tre. coheM. ike. vaU/e c.lc ses <^d 

(bj ike -fma/ press ure <w fh* f>W<. , 

SCUFMAtiC t &WE KJ VAT a : ( ~ I I ^‘iOOltflu^- 

0 U L D T t = tOO°F--SLO < 

ill 

6 Mfe«-i»cpeL ; (l) For ike control volume 


sKOun^ W C/ ' 0 .( 2 J There is wo heat 

fromjfer during fUe fil I mg protef-s . _ a j . 

(3) kinetic avuTv°henitaJ ewet 'fjy effects v= 

<xre rteqliqihle . It) The sfctfe of the. 

O z /V\ 4 ne Saoplij libe remains tOftCtawf*- 
( 5 ) The Oj behaves as an (cfca/ ■ 



/ ///////} 


f t = 40 li.f/ik 1 - 
T =£0 

fj = lOOiifln. 1 - 

r,= 7 

79 =%a e F-S40*(? 


/M/4lV5fS ' O) Consider -first fine ftlhUa process. The mass rafe b*Unc«. takes 
fhe -form ^rn clf /A-f = IMj LO/+U a5Sam^ft<m5 0)AZ.J.anpU3.), The ewer-gtj 

r^e bfrUnce red-tAces fo 

^ «; *■« 

The spea-fl'cewWIpy T 1/1 tWe. S*$pVy line «. CcmsWi. Combmmj the m*ss owf 

g Vie cj route bo- lances: , aa-<T integrating 

= V\ 

Usmj -The t"^ec4 <jas c«gn«.ftov\ ®f s-hU*. 

P> V - Jkl 

RT t 


VVT , “ 


RT ( 




rccvrrc^v\gvvi^ give 4 

«.* V<; + ^-5- ) 

1 l 

rfOm T&blc A-Z3C 

la: - ( ew/ibM 0 n = ai ^ ^ tlb 

1 V ^2,00 lb/ Ifarnol j 

'ia, * ac.T 3. 8/3,2.00 = 8s.su RWn 

Jw. Sc wTi m ^ veil u.« S 

ia z = iai.4u - (o.ozsoiyr* 

Since IX-i cJl-epend-S cm T x , The -fe *vuporo.ttAre t«.nbe TouvuJ by i-fe 

-H si'n^ data -from Tab]e .4 - 2$£ &vJi Thij ecp ress ic-a . The re stcl+ f \s 

T?.~ (,(>{ °(Z - 20 \ °F< -*- 


Continued on next slide 
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Problem 4-115 continued 


(b) To dte-ferm me -fiie-. ycessur-e, e*£ t-er" -ffie. tcrri-fewls £>f- -fke~ 4& cool ©rf, 
-first -fik^ +ke vw«.ss 1V1 fke af/er -fiie V«t /C closes 


< 

1 

(100 SW) 

I4H i'h 1 


fiSHS -ff- Ilf 'i 
*32.00 / 

(CM °£) 

l W- 


- CUSfc ib 

TkU. 5 ; Tk€ -PvtAAl pressure is 

V* x rt 3 


r_ = 

5 


V 


(i 3 Sfe i (32.00 Jc^q) _ ?l-1 lif|i - 

C S') | 1441 


K 
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raobiEi m -4//6 


: A 4a of kvt#ujv^ vo\^^e ruAfiqtl^ co u4a irUs j-tca *4 ft s p<? c ff )td sW«. 
is Un4Utftrfiu)H 5|ouJj uk+U -fUe pr«su.Y< 4ro ps +o pr^ssur^ p, TU* 
Hvwpe^*4u^<- is kep4 Gcr*i*>*,n> by k**Lf -fo 4Ua 4^^ tonJeWs, 

riAJD : rai -H*e -braLMff ^ -for p -/‘i MPa , til Pfo-f +4* k e*f 

v-ersM* p ^rpyv\ 0*S 4o 4 A4/** . 


schematic g Civey *> ata; 



IW*1) 



fVl 0[>E LJ ^)£^ r 4Kc VifuH^t. 3 k s yj n in +k* -fv^ vrc, O fti\<J K^rtt + i'ft 

fc*e/^y afffc-+J £*n fc* t’j*v£f£^* <l) Efl.th iVs+^Wt^ P^trU^ fa 4Kr* w,/j h*u ^ t Kh^ r 


fthjAL_Y£lS ' CaYTht «*a*r ra+t la* lanc^ * 

+ht b^Urtte fs 



*4 K« 4a r*^ d 


*£i t . L?t.‘ 4 k* fi'Gn J 


Ts4r*4ij 4ke f'awVt toflOfc*f£ and f a Vt] rA+f*\J ^ 

^-Lr ev X Q„ + { *> ©ev' **»- u * ” Wl ~ J t W * dM t, i 

^K,rt »-, d««.*V«i +k, *«,( d-.-JUtV +•(* f**fc. M d»y f«*+»,+ , ** » V/V u.i» n v (V 

tpfinK't PoEumt *t- 4^*4 <‘*t+*aT dd-i*mf*Hrd bj Jl**C +Ht +*nfc prc jru^t „ "IWh**Ny, 

p x T bMfV j sp Tfcfctc A- 4 ji'stt* v t ‘*W3!7b w3 IS , Uj * A71P * J /FJ . Fi"t*M^ fti|. se v l ~ 

O.flbS'tflft J u L 5 1*J7.| *V*=J * Tkm 





OOSSJfc" VtJ 


3 K3 



I* 


0»7fc5 H 1 /^ 


*«*3 


Cz) 


Par Back o-f Stvffral pirtft(w.tr*i i k fx + kt f*Wr**l /,JWJ< P C4,fi j+^t 

+Kt 4fcrt^ lo* C-fLlCwta+t^ in H k C ^nK*r AJid 4 t^e ^ fi H c e*+k*Aj#y 

Vi t U^ir^td TpufeUA* 1 ^ *+ TWC +** +A*. p^rjjrn^. THent «H*i^ 


put e-f VJ >*V cjt'vevy *hott 4o non 3 hr uc ^ci , The area. ^nJir +kc 

fro^ 1 U 7 . e^*h +ht t^rm - [^W^dni *( E<f>u). Ai +^i f* 

very «t*r^ (,-wetv-j *h«. ^vir^e ^Ut '.{ ^ bt u, t Jf 0 «v«l«^ t +-fc4'J 

m, 4tK^ y ■ w ,, , p 01 ^ ( «■ f- g*?; 

- (loiy.ar ^ ^ao,i3*j) - 40737 it 3 


Hrw! 


- pk e dM = [■ 


FTk*I{ ^ j futtrKnj VBkUei m'tv £^^ 1 ) 


<5e, t fe.t1^)(«<7.| ~ )- 


4e7J7*=0 


5 ts j'V )( CT - , ^- 


Qcr 
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PROS LEM «•"?- 


toOium: Air escapes slou>ly 4rom a. fank. Jke mliial s-fcek- -flhai erasure 

are khouja. Tke \Wl~L remains (Vi -Hul 4<3-i*k: imAergoes Ci~ flsofofrcjKc v recess. 


£IMt) \ Deter rmhe 4ke >ie&f trans-fer •for <x towfml volume £ncfosiV) 
■five. •ha.nk. 

, , __3 

.SCM-gM/VTtC 8 frn/£i\J DATA : 


y = J rv,' 


P xe,) 


AU<i 


\ p-3CQ 

« 7;*3£?<9k: 

= iOO kPtx 


rviop£L ; 0) Forim conjrol volume 
SftOcvn j w C/ i o .<,zo Kme+ie potertMf 
emCC^tj e{fec,fe arc ytegi/j lUe. <jj T^e <xt> \ 
remark 3 rin -f-h£. iia,i/wc un ciscoes &- 1 

proems cte$crti?e^ i)y pv*- 2 '- co^rP. 

(¥] TKe. air tS yYiotteteJ as an ^00 

t4/fi\ ccwfrtf/tf specific* h <icc{s . 

AtVAiVA/S : "Tke, 'nvi^c rcd& balance 4 &k*s fke. -firrnn ^ ,vt <w/ f i+ s '^c * W+h 
-ft*£ a£SUvitp4t0*5 hrf'cJ # energy balance i*s 




d Ucv i - L 
“ Utv " *te 


f i > 


iSiMrx? fhe process occurs ^[ou>/cj j +ke sfate o-f fta cur j&a +Ue -tenlc is 
uvuform ar cxny +im€, TLuAs^XXy - vwu-^c.k^ h- = ifo-h^T Xviser4ikg 
-pkese e^pf£ 7 sS(ovu iiato £i) alona u/ifk 4Ue mass rate balance 




+■ 


K +£t ) 


Tiu^s 


= m du_ — K"Tct >v\ - m Cy-dLT- fc.T 


U) 


ColcIa. 'fe.rv^ cm -Hve \*‘i*jWfc iutc. o-t- C^j <_cw\. be. e-j^TTEtsU vi\ 4^.rnvs ®\ 
^fe£Swt‘& , &.s> Hoa<i . t ^rcnv\ — c*ms+<»A.fc 


G-V\4. 

liAv'+bc,r 

OAaA 


^ y. = r_ t. 

-vr fcowt*) v 
= t(r-J pfa-O^- 


= <2 


f M 


pv 

Si =~ 


l.^ } p 
pv 


C- p> */!--* 


y 

c 1 


A— - .V /, _L \ f-'/l-A . 


C3J 

(4J 


C3^(*4) g*kA. C5i lH’to(^) 5 

a w ^ = & p c «- [ £c f < - A) 

^[^o-^o-cr^Jv^ 

Qcv - 1 - K2^ " lrk)j V L 
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Problem 4-117 continued 

Fro/w T abk A-20 9 T^-us. 



(p. 7/ 7 


*0 3 *J/iw a 

1 kX 

Qw - 

{ kj* \ 0~A)-(.u*0 

(im 1 ] tloo-3oc)U^ 


V i i 

k^Ti kj 


1 ID 3 (0-ir> 


S3. 34 





i. '[tie. /posif n/ei i|h de m c les ■tfw.f -Hce energy -fra.u..yfG** Li /mto -Fke 
Con-rroi vOLlmg . 


<&/ 
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PRQ6L£M 4: II# 

KnOuJaj ; A tffcll-iVi Julaf«.A +ouaIc. CcmHunirtg R-J 34 *is cov\r\ec^td +o <\ 

SuuppU* Uvie , A* rtWi^tscotfA \s allowed +o -f-Loui lv\4o +U e fettle, 
a flexible lolc^eUe-r lia -Hitfowk <-*pawU fo 
f f.( t ujefOLM-f iiA Hie fawlc eH e©vuftM^+ (p'T'siu-'^- 

Fi fj p : Defer mi Vie. Hie &,yv>ou.*f- ©f waacj «.d*w -te +Ue -fault fceluKe* 

fke inv+ucl -Kma£ and -fUe i‘v\s+6.v.+ wj-KewaU +ke U<^u\M m +We 
-4*.w(t Is va.porl-2-etL, 

ScHgMMlC j. kM£JJ PAtA : 

consfczaf p^fssur^ 

— Fleiiol* bfadCer 

* Irv+igtly K t - 0,8 
w «=2SU 9 

FuAfttl^ V x a/.<0 
Line: 1000 kPa. 120*0 


mopgi J 0 1 Tffi con-brol VO Ucwie. is Shoton wi+U Gu v = O . Cn Condi+i<ms 
iVVUt sufpViA VvvAfc ct*wu* co«wt*u.t. (.V 1 TWe p ret jure remains ton-sW-t vw 4-Ue 
to-vklc.. CO l< me+ic awl fcVea-Hftl ewergvj effects are ¥\egUgi\>le. 

AmM-H6iS • Tbe w\fc.tt r«,fe balance \akoi. fUe. fo r «'', AWcv/^f - 
five a.tCu.Aipf ions UiteA , -Hie tv\erqy cate. balance is 

dUcv .. of — W 4 m • Vi • 

— * -/fcxcv yv cv ‘t t 

Tbe specific evi+kdlptj Iaj. is c©yvstiiu"t bcj asset mptiovi CO. Tkics } combmingtl'ie 
Ymss awdl energy rate balances (u^l fnV£gra.fing 

A\J Cv = -W £w + J r^- f,- <Lt 

t 1 

Since W; is covisVewt 

4U C „ - + k> *= -W cv + Cw z ->ri J ') (|) 

To eva-lvL^ie. -fke. iAjork_, nofe +Hrt.»+ -fUe pre«uve jn 4lie -funic fj constant. 

™* S W cv = ipdl/ - a Ce) 

CbmbiViwtg (|)AA«I (2.),ai<u( nofing +k<i+ 

■Yk^t-wx.u, = - p£ wi!^- yyi.u-, ^ -4- 

a^ + foO - W L ] - w,6u,+ 

w\ x (, Vi U £ 3 51 L ^ i “ H ; "3 


6<r 
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Problem 4-118 continued 


Ul ,« 5 fr— -TJUl A-'l -* 5W; V 1 k ? = a '' 7 r ' 

hl , *.«■>♦ r **"* 

V^-s Wh 

fY*~v A-'i/ ^ r 3 It* . 5 2- fc3/jy . -TU^, 

/ St - ^ "\ 

w, . 2.s- c - / — — j = 3 4.o3fr 


Rr\A ll<-j j 


^l/H- "U ~*V 

- 3V . o3 -xr -- ^ o'* *3 


^ i<j 
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PROBLEM 4H-T 



KAJOiA JU : Airis adwitWed .slowfij iv\fo an insulated tm's+om* oy 1 i ndcr a ssembly 
from i a. supply lihe unfit The volume inside tine cylinder has dc\Mtk. 

FitvP '. Plot the final -fe.mpena.fu re and. tmqss inside. the cylinder -for a. 
Cfw/en ranje of Supply temperatures. 

■ SCHEMATIC j GWE/U VAT A \ 

etsi&g ^iqdel _ ’.Q J For the control Volume, eh&Ofl, dl £y =c>. 

(ilMiviefi'c owd pcfenff'ft/eMe^y effects ora b e re- 
flected . (3) The. of The piston omA friction 

''between the pfsfort and cylinder well can be 
neglected . (*0 The ate behaves as a n felt'd Qas. 

A fJ Alt 5 1 5 *. The moss rate, balance, takes -Hie 
-form dntiev /dt - vvi^. U/*+h tUe assumptions 

listed, the energy balance is 

AXJcv \s° * * , 

r = Xc,-W cv t«; W ; 

The- ltT«e Cov\ editions <\re. cJM&Wvd; } so is constant. Ccnmbimhg the. imass 
and energy rate. bal&nceS and intecfraii hg 

■YW^U^-rn , w, = ~ W cv + O) 

To evaluate, the work., Kobe -ttrtnf the. pressure, i m The culm^er is aLucuyi 
Otfmopphertc smee the process is slous cvnd 5i«ce <tssumptwr»c.(3) Applies. 
Ileus r*t. 

W Ctf = J^p<W - ptV t -\0 

Trom -f-h e gjvem dot cl. 

V , = C A ) L t ~ ("^ ltV> ]^°- Sw ^ = 0 . 0353 H “ J 

and = 0.OlO(,8 m" 2 - 

W £v - (l barXo.OTOfcB- O.0353H^)m 3 

* 3. 5 3 <f U3~ 

From TabkA-Zl^f T, =■ 3oolC • u, -UtioT kT/tg . Also, h,; = hi<-T SUfp i^. 
T 3iTph ^ 3oo|C j hj = 300. (1 K . 

Us ifig the id<utl V'nocU-l 


m- 


joViw 2 -! 

1 k3 

\Utr 1 

10 s W-*v 


ano(. 


“TV* - 




?,V> 

l?T, ' 

Y jAte 

R \ x. 


0 bar) ( 0.0353 4 - m 3 ) 


300 k) 


f S. 3 I 4 UT \i 

UeflT’kg-K) 




Q \ (O.OTQfcS) I ioo I 

■* 


t bet r 

2tib2 8 

"TV. 


I ieT 


10 Kl-M 


- 0 . 04/05 % 


On 


JVuOrpomf mg these results mtoO ) And re arranging 
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Problem 4-119 continued 


"txUi- U; = rn.u, -W tv 


2H,fc2.8 U L _ t ( z^.foZg 

Ti. 1 ' Tt 


0 . 0 * 1105 ) = 5.254 


C3> 


£9 UA.fu>vvs(. 2 ) <*vw( (3) c<*w ke Solved -for 0n/eA values of W { tTsufpl.,} 
by a.v\ ifevufwe proctdure. and d<i.+a. -from Table A-12. ForTju^ ,s 3oofc ) 

7^_= 3ool< 

wi r = C • 082 / ^ 

■pi^+tmg -for fatale of Tlu^pi^ values 




Supply temperature - K 
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PROBLEM 


4. \1Q 


k-MfiuJu ■■ piikrv\- tylu^dev »-**«. V* cow«ec+«(A iy 

vali/c +c> ccv\ a.'jf • Tk* coviLi.+‘i<j>vs <\ *-4 +L*. "(w.rti*4 

sW ab* 1 wjs i£Lc +W ctjUWUr ^ tteA sloojtij comsUj 
piikTK +c ^pnlig* ’tW \w.i.^w4-\ ruJ^ -Uvv^ 

u>lH*(u -^W tcjUWl^r cure Ui^uuk* 

P/ m D ' plot fVn** fK^rJurt ±e^p+rAlurt us, W+«^ 

-fU* c-jJU^^er' versus Spring c**£-U*i- K f 

6SD -fi> 7*S& /f+. 

£c w bhm\c 4. bw&o m ta f * * 

3kttkjki % f, ' i*l.7 Ifcf f*** 

7, = Bo»F 

V t - o,/ 4+ J 



Ftna.il y; Vi - 

£w^uviooeu; (i) The. comht)l veluivi* Is skflyun Dn -H*a 4£ companytnj diagram 

u,.+^ Ow - o (*> Coa^K^s i ia ^tiuC. air* Supply reiwcAn coves U.i^. C*J fciKe-kc 
CtotabvkVt sffact^ Cure v^cgltgVt le , CM) TW ^ur be^g** e^ 

idjuA g<U . (5) T kfXSL is V\o4ndrUrt\ be+tAJee^ +W pi-V^Wy Ol*aJJ. C^UwiMT VaJ^LL. 

A^^LVsis : Tto fvWl j»vrs$oure it ’fouled! by o^plyiv^ M^*A>+xm‘i L^uj 

-^o +U£ pCsVo^e, Sv>4ce aW* W sVoujUj j-^F^ s O . TUxts 

7* ^fVtV “ Tith* i ^Ut + ^ ^ 
wikk V-V t - X A P i* r , t** (pvestw^e ^ 

P * ft** + 


b f V-Vt \ 

2 . 


A+ V = v* 


p*.» it-t '-K. 


Vm 

( < lhf/c+'>(0.4 - O.Offr 3 / l ^ 


o) 


=. l\4--7 + O. o43 K. 


J 


C.i7. a 3 m 

I t>f /i*i? 


T— ) 

^IMS »'*?• / 


Cl) 


Tht rvvi.4i i™At Wla»4.*_ -+&I(AS Ihi. foirmj Wi-LL asiuw^^tDiLi 

IvsVeA , -VUa. e*ve*-gy v«.fc \s 

« MOi 'Ww ■»■ 

iW specific a*v\4kixlp-] U\ Vs OmsV*^ by wsver>^'K-cn^ C3^ . TkjutS t C 0 Ynivv\v 
Vkfc twftts ^r\4 ba-V^Htes 

4Ut v = -W tv - J hi <Am cv =^- w t u t . ^,w, * -*W w t-h; (m,-«,) ^z) 


SiVce Pktf. procesi occurs slova\y ^ W w = JpAV. Wi+U *towc 

w “ " A f^ 4 *”' r 
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Problem 4-120 continued 


w c 


r - p«4«Cv;--v:) + — \ -x cvl-'v:')”) 

(A p „t) v L 1- J 


• P..-CV.-V) -v JS_ ( v„-v] 

, L? l* \ -S**]' 

L '"Mlf** l 

■B 1 ’- 

Alitf, u»i-fK -tt** -fcLiuJ ^4.1 * M **4fcA « 

P> V) C 1 *-?* 1 * 4 1 »f/-f-tVC 0 l ~fr^ - 7.3J*/® 3 I 


I— I 


(3) 


' P-T, ’ 7 !S*r -ft-K.A /'s-yo^j 

^.284? M» **./ 

<n l= . P> Vi - , w^-! jv » 


. CO 


C4-) 


s- f „„ -n»x.-= wnw), - t = ut^-o , v« sv *^- 
Accor^Yl/ T V ^ 4c*r*M«** fc n E< i -a)/ c^.-fK 


^t.COjLi^O-) »-■** |c "* wwv 


;<uWi *f ^ ■ 


Tk« ScUe*'C i-i it*kplei*>«»Ae.<4 via 4W CoH.tiujj>-j IX '• 


IT Code 

pi = 14.7 1/ Ibf/in. 2 
T1 = 80 II °F 
Ti = T1 
VI = 0 1 //ft* 

V2 = 0.4 //ft 2 
K = 650 // Ibf/ft 

P 2 = 14.7 + 0.043 * K 

m2 * u2 - ml * ul = - Wcv + hi * (m2 - ml) 

Wcv = 0 .816 + 1.195E-3 * K 

ml = VI / vl 

m2 = V2 / v2 

ul = u_T(”Air“, T1) 
vl =v TPfAif.Tl.pl) 
u2 = u_TfAir". T2) 
v2 = v TP("Air,T2,p2) 
hi = hJTAir, Ti) 


Now, u-si*5 fi-* Explore bittfe*., su>6«p K -frv*t 6 JO -/o 75o *W/-Pf <n t+«pi of 1, "fe 

iUe CoUouti*j ?iok •. 
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Problem 4-120 continued 


4a 

47 

46 

I 45 

a. 

44 


43 
42 

650 670 690 710 730 

K (Ibf / ft) 


156 

155 


154 
lT 

— 153 

t-i 

h- 

152 
151 
150 

§50 670 690 710 730 750 

K (Ibf /ft) 

Wflf* T>lof ££ £{ CG\+ld 

rcuUtj nioHeU b«, k(ln<*, Wow*i/«y-, -Hi* ^fwWc p^f U kjn-/.^««r 
UiouAd be ^u . Die difficult -to oWalh ^ tT.of 0riu*s- 

so-ffwoire . 
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PfZoeLE-H 4 . 12.1 
KAJOWM -- 


Fi/VP: 


Hectf transfer <?ccurs -fo m~f raj ei/i ^as C0rt-/euM&^ i£i &. ribiVt 
■ftiit/t. Sas escapes tf*fO ujjhcc 'pressure. relief- val ve, ^a-m tain iny 
coyistaut pressure. iw •Hut^n/e.. The «n.ef -fina I temper- 

diu-res Qjre. specified • 

Defers 1 Vie -fUcTW<*ss ©f nitrogen -fkctt escapes *n d ike amount 
&t energy transfer by heat. 


a \ 


i i 

p 

i 

r, 

, At 1 

1 

r. 

i 

L __i 

= 


i&bar 


5CU£MATtC £ G\U£fJ DATA ' 

£k>£r. (v>opEt_; £/ ) For -the control volume. 
shouortj *vt„ »o"(Z) The .sttfe - 1 Vi the control 
can be assumed to be u.nt-form at <*ny 
•firUe cUtriViq -fhe- procesf. (3) kinetic And 
potential energy effects can. be neglected, 
fa I The rntrogen behaves as an idtai gas, 
a 1 +h cons fa nt Specific h eats eve (ante d 
At 350k. 

At/AVtStS : The mats rafa. balance. taka the -form ^ m r \j l dt * *Me. "Tkuj 
the rna.Ss -f Via-(- escapes is 

-x r ^ x 

lim £ d+ =-) dm clr - M.-Mt 

I ^ I 

WY+h Vne tde«.( g&s e^ucd-;^ of sfate 

JS«' ?t+r+; 

(lobev )(|m 5 )( _i (_“lj lo g Kl/rvi^ 

L 3 oo k 4 oolcjj " 


ve.3H kT \ 

\%8m k^-K-J 

^ 240*1 k.g<— 


j_ 

3 Oo K 


I bar 


l kX | 

10* M-Mj 


tViftiS , 
escapt a 


WifU 4he ec^u^phons tisfecf, 4Ue ev\e.rqy rote balance, is 
^ T^tv a , * 1 

~df~ ~ Qcv ** me " e 

Kof.k\0 +Wti "Ucv - MO. <VV\d U e - UT KT, ftVud W l+k fta. macS rate- 

balance. 



' m at 

wto *■ 

Qcv ^+ 


Ocv 


©t <drk 

K 1 ddr 

For cm 

Ideal gas, du. ~ c„ 

- dT\ Also, 


dim 

-/EXAdX 



L R h-T 1 ') 


Ttas 





* 




RTi^str v i'T.- Sf - R 
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Problem 4-121 continued 


No f » ng -fiutf 

fvom T«We A-20 5 Cp -I.ohi kTlkg/<- avui inser 4 i^g v<(i*rs 

i,<W+ -(*)£*)[*£ 

ficv - S 


(lobarUl w’XVm kT A^K.) . f u ^\ 

! Io S kjU z 

l kT 

{ **"* »£ ) 

■ ' kar i 

»o 3 n-y* 

i 2.8 k^K / V 




= I0V3 tT^ 


tv 
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PRTjBLEM 4.12.2- 



*7o°F 

J.00 f+ Vmit\ 
tze*F 


KK)0u3W: Tfce ar> Supply Po am offtc* is off o^rn^iit ard He. room 

~ fenye-rapure. drops. in p-he. morning, -the. PUe,rniosMP is resePand 

cl L*LOuir\ vokunepric PbuJfaPe of heeded air is S<^pp)ied. 

Pinjp ; £s+iiM<tfe. 4fie Fime rf Pokes -for 4ke. room 4o rvncU. 7o*F t a.nd 
ploP- room pe.mpe.ra.Pu. re. as a. ft*.ncfi.aw. of fiiwe . 

Schematic £ t>iv&D DArPr . 

A ► refu.rm t m,_= rr s 

gt^6«. ^opet- : f o .for fUe Con+rai 
volu-me SkouwO, Q t ^ - W t v 3 O. 

(2) The. air belwves as an idcaf 
qas loifti cemsPoLtd: spua'Pic heafa. 

^ 3 ) The pressure, is falcatA. «.s 
) a+m euevy u/here . C4) kine+ic a»v<< 
pofea-Ked ev\eygjd effects Canlo-e. 

'Ae^lcc-feJi -^ 5 J The voom <Xvr is iotll~r*tvxed . 

/tAJALVSt.S '. The mass rrt-+e balance +«.l<ts 4he -form drnjdP~ Wi,* w r . WH-Ia 
rh s = m r j &m/dt -O . Tkus >-fW yvvssi tVi +Ue. room is CtfniVwJt wifU 
tivve-. The ©wewjij rate, balance reAwxes +o 

^ - *V *V 

or, UJL+h TJ tv - wu. owm( jn,. - I-»£t) 

^ %_ +■ u >^° - ™ s 0>s- ^ TJ ) 

FurWter, d.u =c tr <ir k s -her) = C/>C7 ;-t)- T^lus 
WiU\ dr- - d Cr/T ) a* ^ ^ - k 


- X2 a vvi- dt 

kCTj-T) 5 


C i) 


ny "W _£ 

C^vr) s 


V*s s 




£KKU £ 


m - 


R T 


p(M/% 

Ri 5 

ClH.'t (200 £f 3 /m,uO 

/'5^ 5 ±^-W 5 8o^r 

lb °<l * 

(m.-t )C 2.0,00 j |/<M 


I4M iv? 


If+ l 


13.6*} It/ftAUA 


(ilV5_)fS/5) 

^ It <>7 / ' 


/5V ib 


aS-,97 


W^re fhe at/tfa^e of fbe init-i'af 4 e iwpe ra-kxfeS 15 used, po 

esfiivvate -th-^ WA&.SS. >4(50,^01^ A-ZOE J *c = /,H. 
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Problem 4-122 continued 

I fall Sff.(i') firoryi J-O f - L iO v F') Jo Jimg. i 



or, £olv>i*g -for T 

T- T,-(T,~T t )e* P [(-^)i] 

Jnserhly values 

7- = 120 - So exp [(- O.IZJS) -b] C t) 

So\vtv\§ far* UtkeAU 7^- 70 P F ^rVe.s 

~t^ - 3.7*? Mi* ^ 

£* (zj cw r€*ui<^ be Tlie /oKouW^ pit5^wM 

C^ns+v^ucfe^ uxi'm^ /T ; 


so 

70 

60 

50 

40 

30 

20 

10 

0 

0 1 2 3 4 5 

t{min) 
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PVo&LtM 4-ii3 

kjJM &'■ ^ Boujs ■rtv'ro^U a wtU-ms .ufoM cL^Wer-. ‘"‘t 1 *' 

cAu+lotls i\a VW dtu^Ufl-, Eu-ppUj t<TyuUfoff*A , W1 -fkc. \k^e+ 

CkI^- v^u*s$ v<x4es a_r*L 3p«.ifi<4n 

F, w tj- DtfcwW**. -VUl Utwoiwdi*™ tiA o-vr \V% ^katWW 

BME * (Li ©U+W ^loi for vtwtous m*£s 

schematic pat<y- v . lft3 . 


ewsie. rnopeL- ;(o Fo-r -Hot aon+rol ^oLunue staion, J 
iu»o 0^4 Wtv- <* o .(*) +t^Tnfure ^ "1 

wrtiiue vu ika cUa«W art auAfwm * r "|P£5 
^TOu^VpuJt- *3r avjj -K**<lA 3) twvelie «-*.* 2 oo*f 
pokvi+^1 ewarj* iffocfo wegt^iWe. „ , 0 

{^) tW glut l$ ykjOC^I*® °- s ^ 7 

uu-LL ^ ^Ki iWui 4* £cf i'Fi t Uto-fs . ^ 



Pi “ 

14.7 lbf/in. z 
T, - IOC “F 


%‘.rrsvr*M 



Control valve 


V |t/iwu\ I— Wen-insulated 
X Ib/Muk Cham ^ er 

5 tb/W* 


^“T j irww\— , 

wVHv covuHiLt SfecfHc Ueafs . 

Analysis’. f^e wls« Ya*« bafo«c* fates +-U low *- ^ , - tw t . VWi+V 

* - ^ ^ , <W/dt -O. Tkus, -VU a^ou^t of watt wj-Wv^el | « , +k , K 

•fee c.o^+T4>l voUx^e is tow4**fc . UstVig a«u.»wp+io*s Usfoe* t-nevgij 

bala»« is dU , ^,0 ,,o . ,, , , 

~^r = "^tv + VV1 C Vi t - Vi t ^ 

O'Tj Wl+V "Ut.v - Y ^ ttJ u - 

+ ul ^ 2^/ = vvk *l U , - Vi (4) ^ 

LOW* ^ Vx C-fc') \>y ccssa^-V-fon^ . fy.rW, du. = c^dT 

V\(-fc\ - C? T6b)j St> 

-c v ^ g - vMW,-c f Tt-t'>] 


<?r 


dlT + ( Vyi Cp \ -p - xrt Cy ~T, 
rf-t ^wCo-i 


’cv^ r 

^r^-VvxpJjajCi k J k; — Cp/ C-*- 

dT /^rnW A -r - f v> kTA 

dt + v m tV ] V vw ts r I 

Tke SoUx+iliw 6+ ■HlU (JlWwewKM €<^ujx+Cok 4ttUs “Kjl for 

TW - c + T . 

\Mi4V T(O') ^ TL i C = T; -T, , 

T«l- (Tt-T 


ID 


Continued on next slide 
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